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COPPER OXIDE WIRE PARTICLES 
WITH SPECIAL REFERENCE Td PARASITISM IN LAMBS 
by 
K.S. Bang 
The interrelationship between copper oxide wire particles (COWP) treatment 
and parasitic infection was investigated. Particular emphasis was given to the effect of 
elevated abomasal pH due to parasitic infection on the solubility of COWP. In 
addition, the anthelmintic effect of COWP treatment on major gastro-intestinal 
nematodes was investigated. 
In vitro experiments examined the effect of abomasal pH on the solubility of 
COWP. The result clearly showed that solubility was highly pH dependent. The 
critical pH value for dissolution of copper from COWP was revealed to be 3.4, well 
within the physiological range encountered in the abomasum of sheep. 
Twenty five 6-8 week old lambs (Coopworth x Dorset Down) had cannulae 
surgically inserted into the proximal duodenum and were then allocated into five 
groups. Seventeen animals were infected with O. circumcincta infective larvae for 6 
weeks ( 7,000 larvae d-1 5 d w-1). When their proximal duodenal digesta pH showed a 
response to the parasitic challenge, samples of liver were obtained from all animals by 
biopsy. During the 6 weeks of the trial, pH of the proximal duodenal digesta, faecal 
copper excretion and blood parameters, viz. plasma copper and caeruloplasmin level, 
pepsinogen concentration and aspartate aminotransferase (AST) activity were 
measured. Post-mortem examinations were conducted 38 days after commencement of 
infection to recover parasites and COWP and allow liver copper level determination. 
Infection increased mean pH of abomasal digesta from 2.5 to 4.5 and had a 
significant effect on the efficacy of COWP. The mean liver copper concentration was 
significantly increased in all COWP treated animals, but the increment was significantly 
lower in infected animals compared with non-infected COWP treated animals. The 
effectiveness of COWP 22 days after treatment (proportion of administered copper 
apparently retained in the liver) was 0.7 % and 1.8 % for infected and control animals, 
respectively. However, significantly higher amounts of COWP were recovered from 
abomasa of infected animals than from non-infected control animals. The difference, 
possibly, reflected the poor dissolution of COWP in the elevated abomasal pH due to O. 
circumcincta infection. The mean increment of total liver copper content was negative 
in infected animals; -6.76 and -5.73 mg for anthelmintic treated and non-treated 
animals, whereas the value in non-infected control animals was +6.08 mg. Plasma 
pepsinogen levels were significantly lower in COWP treated animals than in non-
treated animals. This indicated a possible anthelmintic effect of COWP. 
It was concluded that O. circumcincta infection caused a reduction in the 
effectiveness of COWP by elevating abomasal pH and also reducing the liver copper 
content by elevating abomasal pH and increasing endogenous loss of copper. 
To investigate the possible anthelmintic effect of COWP treatment, an in vitro 
trial using 3rd and 4th stage larvae and in vivo-grown adult worms of T. colubriformis 
was conducted prior to an in vivo trial. The effect of copper on mortality of 3rd stage 
larvae was examined after 24 h incubation in 0.15 M saline at pH 2, 3 and 5 and that of 
4th stage and adult worms was carried out in defined medium M-199 supplemented 
with foetal calf serum for 72 hours. Copper derived from COWP was added to the 
medium to make final concentrations of 0, 1, 10, 100 and 1,000 IJ,g ml-1• 
The 3rd and 4th stage larvae were highly tolerant of copper. Mortality was 
influenced only at a concentration of 1,000 IJ,g ml-1, but most of the 4th stage larvae 
were stunted and 55 % were dead regardless of copper concentration 48 hours after 
incubation. Most of the adult worms recovered from infected animals were dead and 
remaining worms were sluggish and appeared to be slowly dying 24 hours after 
incubation regardless of copper concentration. 
A further animal experiment was conducted to investigate the effect of COWP 
treatment on gastro-intestinal nematode establishment using 84 (Coopworth x Dorset 
Down) lambs. They were allocated into eight groups on the basis of live weight and six 
groups were infected with 3rd stage larvae of one of the following parasites; 20,000 T. 
colubrijormis, 20,000 O. circumcincta and 3,000 H. contortus. There were two not 
infected control groups. Five days prior to infection one group from each of the 
parasite species and the control groups had been dosed with 5 g COWP. Live weight 
was measured each week and blood samples taken to determine plasma pepsinogen, 
copper and caeruloplasmin concentration, and AST activity. They were slaughtered 21 
days after infection to recover parasites and COWP. 
Soluble copper concentrations in abomasal digesta of lambs treated with COWP 
were four times higher than those of their non-treated counterparts. The high soluble 
copper concentration coincided with significantly reduced abomasal worm burdens; 
parasite burdens were reduced by 96% in the case of H. contortus and by 56% in the 
case of O. circumcincta. However, no significant effect against T. colubrijormis was 
observed. The mean pH of abomasal digesta of lambs infected with O. circumcincta 
and not treated with COWP was significantly higher than those of similar animals 
treated with COWP. 
Overall, these studies demonstrated that there are complex interrelations 
between copper metabolism and abomasal infection which have implications both for 
the diagnosis of copper deficiency in the field and its alleviation by COWP treatment. 
Key words; copper oxide wire particle, copper, parasite, nematode, anthelmintic, H. 
contortus, O. circumcincta, T. colubrijormis, soluble copper, sheep, 
duodenal cannula, abomasal cannula 
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CHAPTER! 
INTRODUCTION 
Copper deficiency in grazing ruminants is frequently observed in New Zealand 
and several methods of treatment and prophylaxis have been used. The usual 
procedures for administering copper involve either oral drenching of soluble cupric 
salts or parenteral injections of copper bound in various organic forms. These methods 
of treatment and prophylaxis are, however, time-consuming and have disadvantages 
such as the risk of toxicity, and, in the case of parenteral administration, the possibility 
of local reaction at the injection site. 
There is mounting evidence that copper oxide wire particles are one of the more 
effective methods for administering copper. Copper oxide wire particles are retained 
predominantly in the abomasum and slowly release copper, thus reducing the risk of 
copper toxicity and providing a long-term source of copper supplement. 
It is often the case that when novel methods of supplementation are introduced, 
side effects or situations in which efficacy is lower than expected occur. In the case of 
copper oxide wire particles there is no doubt that they can be effective in raising liver 
copper status but we know little about the importance of conditions in the abomasum 
for their effectiveness or their impact on events at that site. Nematode parasitism of the 
abomasum, for example, is known to change pH in this organ, a phenomenon which 
could have considerable impact on the efficacy of the supplement. 
In addition, as well as acting as a copper supplement, copper oxide wire 
particles may reduce parasite burdens in the alimentary tract since a high soluble copper 
2 
concentration in this organ might be expected, on the basis of the use of copper in early 
anthelmintics, to have some anthelmintic activity. Clearly a better understanding of the 
role of copper oxide wire particles in terms of copper supplementation and their effect 
in reducing worm burdens, both of which may contribute to significant increases in 
animal production, is required. 
This thesis is concerned with inter-relationships between copper oxide wire 
particle placement and nematode parasites in the abomasum; it investigates the effect 
of copper oxide wire particles on nematode establishment and the effect of a nematode 
burden on uptake of copper by the liver. The r~su1ts suggest that caution should be 
exercised in supplementation with copper oxide wire particles in the alleviation of 
copper deficiency since parasite burdens can reduce the efficacy of copper oxide wire 
particles. Furthermore, evidence is produced on worm establishment which suggests 
caution should be exercised in attributing weight gain response to copper oxide wire 
particle supplementation simply due to alleviation of copper deficiency. 
3 
CHAPTER 2 
LITERATURE REVIEW 
2.1 COPPER OXIDE WIRE PARTICLES. 
2.1.1 Their effectiveness and safety. 
Copper oxide wire particles, also known as copper oxide needles or oxidized 
copper wire particles, are a wire form of oxidized copper which have a central core of 
elemental copper and an oxidized surface. The physical nature of these particles, which 
is dependent on relatively high specific gravity and low mass, is such that they readily 
flow to the abomasum where they are believed to remain for a period of time. 
The possibility of copper oxide wire particles (COWP) being utilized as a long-
lasting slow-release form of copper was suggested from a study of copper released from 
, 
different copper compounds given orally to sheep (Lassister and Bell, 1960). In this 
study, which utilized 64Cu tracer, the low faecal excretion of copper from the COWP 
indicated that most of the particles remained in the gastro-intestinal tract and were 
providing a source of copper over a long period of time. Later Chapman and Bell 
(1962) demonstrated that 77.4 % of 64Cu from copper oxide powder was excreted but 
only 4 % was excreted from COWP over a 96 hour-period. They suggested that further 
study of the wire form of copper oxide was required to investigate its possible use as a 
slowly releasing copper source. This possibility was confirmed by Dewey (1977) who 
for the first time found that a single oral dose of 10 g of COWP resulted in a steady 
increase in liver copper concentration during a 64 day period. He recovered 
4 
considerable amounts of the COWP from the abomasum and concluded that slow-
release of copper in the acid medium of the abomasum would allow COWP to be used 
as an effective source of slow-releasing copper. 
Recently, increasing attention has been paid to the efficacy of COWP in sheep 
(Whitelow etaZ., 1980; Suttle, 1981; Whitelow etaZ., 1982; Judson etal., 1982a, 
1984), cattle (Deland et al., 1979; Suttle, 1979; Judson et al., 1982b; MacPherson, 
1984; Whitelow et al.,1984; Deland et al., 1986; Boila, 1987)) and goats (Inglis et al., 
1986) and COWP are established as an effective method of supplementation in 
ruminants. 
It seems that the effectiveness of COWP, administered orally, is dependent on 
the amount and duration of their retention in the abomasum. In sheep most of the 
COWP recovered are retained in the abomasum; Dewey (1977) reported that about 70 
percent were recovered from the abomasum at 4, 8, 16 days after treatment: Judson et 
al. (1984) observed that two thirds of the particles were retained in the abomasum 4 
weeks after treatment and Suttle (1987a) reported that 90-100 % of the particles were 
retained in this organ. However, in cattle most of the COWP recovered appear to be 
retained in the reticulo-rumen rather than the abomasum: more than half of the total 
particles recovered were in the reticulo-rumen in cattle administered with 50 g COWP 
(Deland et al., 1986) and 29-53 % were retained in the reticulum and 3-18 % of the 
total recovered dose was retained in the abomasum in cows administered with 0.33 g 
COWP kg-l live weight (Suttle, 1981). Suttle and Valente (1981) speculated that 
species differences in the anatomy of the alimentary tract between sheep and cattle 
might influence the effectiveness of the COWP. This could explain the relatively slow 
, 
utilization of COWP in cattle. Langlands et al. (1986b) observed that in cattle the 
maximum liver copper concentration was reached between 100-245 days after COWP 
treatment but in sheep it was reached between 49-101 days after treatment. 
The optimum specific gravity and shape of the particles which can pass through 
the reticulo-rumen and yet be retained in the abomasum is not well documented. 
Copper oxide wire particles with specific gravity of 8.9 were completely recovered 
from the reticulum in sheep and hence were ineffective (Judson et al., 1982a). Copper 
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oxide powder was not retained in the abomasum and most of the dose being excreted 
within 4 days after administration in sheep (J.P. Langlands, G.B. Donald, J.E. Bowles 
and A.J. Smith, Personal communication). Judson et al. (1984) found that retention of 
COWP in the whole stomach was affected by rumen fill and in the abomasum by the 
type of particles; sheep off pasture retained more COWP than sheep maintained in yard 
overnight before treatment and more COWP of uniform size were recovered in the 
abomasum than those of variable size. They suggested that COWP may filter through 
the reticulo-omasal opening rather than move across as a bolus after dosing. They also 
reported that a dose with uniform size of particles (3-3.4 x 1.0-1.2 mm; length x 
diameter) was more efficacious than one with variable sizes (2.1-7.3 x 0.6-1.7 mm) in 
raising liver copper values. 
In contrast, Suttle(1987b) reported that the shape of the particles, which were 
fused together, whether short or long rods, did not affect either their retention in the 
alimentary tract or the accumulation of copper in the liver of cattle. Direct comparison 
of trials is difficult, however, since different types of COWP have been used in different 
species and later reports are generally based on faecal copper excretion rates, whereas 
former reports are generally based on direct recovery of particles from the abomasum. 
Liver copper concentrations in the animal treated with COWP are steadily 
increased within 4 weeks, maintain a subsequent slow increase between 4 and 10 weeks 
after treatment and thereafter gradually decrease regardless of the size of dose (Judson 
et al., 1982a; Langlands et al., 1983, 1986b; Suttle, 1987b). This steady increase 
within 4 weeks after treatment is more prominant in young animals, viz. more 
prominant in weaners than ewes and more prominant in heifers than cows (Langlands et 
al., 1986b). 
So far there are few reports concerning toxicity or any deleterious effect due to 
the administration of COWP. Langlands et al. (1983) reported that the LDso (50% 
lethal dose) of COWP was 1.17 and 1.8 g and LDs (5 % lethal dose) was 0.5 and 0.77 g 
kg-1 bodyweight for the black and white Merino sheep, respectively. They also found 
that death usually occurred between 88 and 96 days after oral administration when the 
mean liver copper concentration reached the extremely high level of 4,122-4,308 mg 
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kg-1 DM. However, plasma aspartate aminotransferase (AST), which is the most 
widely adopted indicator for copper poisoning, was not elevated during a 224 day trial 
until large doses of 32 g (0.8 g kg-1live weight) were given. Judson et al. (1982) also 
reported no increase in AST activity in response to a large dose of 20 g (approximately 
0.7 g kg-1live weight) during a 10 week trial. However, Suttle (1987) observed an 
increase in AST activity in one Cheviot ewe 85 days after being dosed with 20 g 
(approximately 0.4 g kg-1live weight) by which time the liver copper concentration had 
reached 2,667 mg kg-1 DM. The livers of three of these animals reached copper 
concentrations of approximately 1,400 mg kg-1 DM but there were no changes in 
plasma AST activity. 
This discrepancy may have arisen as a result of genetic type or dietary 
differences along with differences in COWP. The administration of 1 g of COWP to 
lambs, even at the age of 3 days ( equivalent to dose of 0.25 g kg-1live weight) 
successfully increased liver copper content without any side effects (Langlands et al., 
1986b), suggesting it can be applicable for all age groups. There is no recommended 
dose. However, taking into account the above reports, it can be safely said that 0.2-0.3 
g COWP kg-l live weight would be a safe dose for all age groups. 
2.1.2 Site of Release and Absorption of Copper from Copper 
Oxide Wire Particles. 
COWP are ineffective as long as they remain in the rumen. Langlands et al. 
(1986a) demonstrated the ineffectiveness of COWP in the rumen at elevating liver 
copper concentration by suspending COWP for 42 days in the rumen in a nylon bag. 
He suggested that the effectiveness of the particles might be proportional to both the 
quantity of particles retained in the abomasum and their duration in the abomasum. 
Reports on the retention of COWP in the alimentary tract are not consistent. 
Langlands et al. (1983) reported that at least half of the particles administered to sheep 
were excreted within 10 days, and most were excreted within a month. Suttle (1987a), 
using a regression equation based on faecal copper excretion, calculated that even the 
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smallest dose had probably not been wholly excreted after 85 days. A similar slower 
excretion of the COWP in cattle than in sheep was also reported by Costigan and Ellis 
(1980). It seems possible that gastric emptying time and the pH of the abomasum may 
affect the rate of clearance and dissolution of the COWP. However, little attention has 
been paid to this as yet. 
The copper antagonists, Mo and S, form thiomolybdates in the rumen, and this 
complexes with copper to form insoluble copper-thiomolybdates, and consequently 
render copper unavailable for absorption (Suttle, 1974; Dick et al., 1975; Suttle and 
Field, 1983). The fact that COWP do not release copper in the rumen but start 
dissolving after lodging in the acid medium of the abomasum could be expected as an 
another advantage, since they can evade the antagonist reactions that take place in the 
rumen. Langlands et al. (1986a) reported such an advantage of COWP in increasing 
liver copper concentration in an experiment in which two groups of Merino ewes were 
treated with 2.5 g COWP (approximately 0.1 g kg-l live weight) and maintained with or 
without 95 mg molybdenum kg-1 DM and 3.9 g sulphur kg-1 DM for 393 days. They 
did not find significant differences in liver copper concentration between groups 
although supplementation with molybdenum and sulphur induced a large variation in 
liver copper concentration. Rogers et al. (1986) also reported that treatment with 24 g 
COWP maintained satisfactory blood and liver copper levels in cattle grazing high 
molybdenum and low copper pasture (6.9 mg copper and 42.8 mg molybdenum kg-1 
DM). However, such an advantage of COWP was not observed in hypocupremic 
Scottish Blackface ewes which were treated with 0.5 g COWP (approximately 0.01 g 
kg-l live weight) and supplemented with 3.7 mg molybdenum and 4.2 g sulphur kg-1 
DM in the diet (Suttle, 1981). It is not certain whether breed differences or differences 
in the amount of dosing attributed to this discrepancy. In this context of COWP x 
molybdenum x sulphur antagonism, more work is required. 
Although Langlands et al. (1986a) reported that a greater response of hepatic 
copper retention was achieved when the COWP were inserted directly into the 
abomasum than after oral administration in sheep, the full complexity of the behavior of 
COWP in the abomasum is not well understood. ' 
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Mucosal damage due to lodgement of COWP in the abomasum might be 
anticipated, although such damage can be assessed by blood pepsinogen activity, which 
is expected to rise if there is substantial mucosal damage (Judson et al., 1982a). On this 
assumption Judson et al. (1982a) analyzed blood pepsinogen concentration in sheep 
grazing subterranean clover and observed, on the contrary, a significantly lower plasma 
pepsinogen activity, suggesting in fact that COWP not only did not damage the 
abomasal mucosa but also may have had some beneficial, possibly anthelmintic, effect. 
2.2 INTERRELATIONSHIPS BETWEEN COPPER AND 
GASTRO-INTESTINAL NEMATODES. 
2.2.1 Copper for Control of Gastro-intestinal Nematodiasis. 
Copper sulphate was used for the control of gastro-intestinal parasites in 
ruminants for many years prior to the introduction of phenothiazine in 1940. The use 
of copper sulphate as an anthelmintic against the stomach worm, H. contortus, was 
developed by D. Hutcheon (cited by Hall and Faster, 1918). The first scientific 
evidence of copper sulphate as an anthelmintic was provided by Hall and Faster (1918) 
who found it to be highly effective for the removal of H. contortus when administered 
as a 1 % solution in a 50 ml dose but was of little or no value against other gastro-
intestinal nematode parasites. A similar effectiveness, viz. high efficacy on H. 
contortus and poor efficacy on other commonly observed intestinal nematodes, was 
reported by Wright and Bozicevich (1943) and Sprent (1946). The effectiveness of 
copper sulphate as an anthelmintic against developing larvae and adult H. contortus was 
investigated by Gordon (1939a). He showed that 25 ml of a 4 % copper sulphate 
solution was not effective when administered 10-15 days after infection but was 
effective when administered 40 days after infection, indicating that copper sulphate was 
effective only against adult worms. 
The exact mechanism as to how copper acts against the parasite is, however, 
unknown nor is it known how the parasite absorbs copper and at what concentration it 
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is lethal. Whitlock (1940) postulated that simple inorganic copper compounds were 
lethal to parasites only in an acid medium and showed that the toxicity of copper 
compounds against Strongylus vulgaris in vitro was regulated by the amount of soluble 
copper present. Copper ions inhibit the oxygen uptake of Metastrongylus elongatus, an 
effect which is paralleled by their anthelmintic activity (Ozawa et al., 1964). Ishizeki 
(1962) reported that succinic dehydrogenase was inhibited by copper ions and assumed 
that this inhibition might be a factor for the strong anthelmintic effect of DL-copper 
methionine against M. elongatus. No such direct inhibiting effects of copper ions 
against gastro-intestinal nematodes appear to have been reported yet. 
It has been reported that soluble copper in, environmental fluids can be absorbed 
through the cuticle of H. placei and Oesophagostomum radiatum since elevated copper 
levels in these nematodes were associated with increased concentrations of copper as a 
result of copper supplementation in the liquid phase of the contents of that part of the 
alimentary tract which they inhabit (Bremner, 1961). Bremner (1961) found, on the 
other hand, that oral copper sulphate treatment in cattle had no effect on the copper 
content of the hook worm, Bunostomum phlebotomum, which inhabits the duodenum, 
because soluble copper concentration in the duodenum and jejunum was not increased 
significantly. Ross (1934) and also Manning and Quin (1935) suggested that the 
efficiency of copper sulphate was related to its ability to bring about reflex closure of 
the oesophageal groove and thus to pass directly into the abomasum. A 1.5 % solution 
of copper sulphate given in a dose of 28 m1 to lambs and 85 m1 to adults at three weekly 
intervals throughout the year effectively reduced the faecal egg count in sheep (Rietz, 
1937). A similar experiment by Gordon (1939c) showed that forty two ml of a 2% 
solution was effective in controlling Haemonchosis in young sheep. Llewelyn et al. 
(1984) demonstrated a significant reduction in faecal egg counts after copper sulfate 
treatment of grazing cattle. 
Langlands et al. (1983) reported that COWP-treated grazing lambs showed 
similar weight gains to anthelmintic treated animals in a five month trial but they did 
not provide any parasitological data. Judson et al . (1982a) observed significantly 
lower serum pepsinogen activities in grazing sheep 4 weeks after treatment with 5 g 
COWP and speculated that this low pepsinogen activity may have resulted from a slight 
anthelmintic effect of high copper concentration in the abomasum by copper released 
from COWP. One can postulate, therefore, a possible anthelmintic effect of COWP 
since a high copper concentration in the alimentary tract could be maintained for an 
extended period of time due to copper being released from the acid portion of the 
abomasum by this slow-release long lasting copper compound. 
2.2.2 Parasite Infection and Host Copper Status. 
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The possibility that parasitic infection influences the host's copper status is not 
well established although copper availability and absorption are thought to be altered by 
pH-mediated processes in the alimentary tract. The elevation of abomasal pH is a well 
documented effect of ostertagiasis (Horak et ai., 1965; Armour et ai., 1966; Jennings et 
ai., 1966; Mcleay et ai., 1973; Anderson et al., 1985; Mckellar et ai., 1985) and 
Haemonchosis (Christie, 1970; Coop, 1971; Christie et ai., 1975; Nicholls et ai., 1987). 
Furthermore, a marked depression of copper absorption due to elevated gastric pH has 
been observed in sheep (Dick,1954). An interesting effect of pH on copper absorption 
was noted by Brown and Southern (1986) in chickens infected with Eimeria acervulina. 
This parasite contributes to a decrease in duodenal pH and consequently an increase in 
copper absorption, since the duodenum is a major site of copper absorption in this 
animal. Poor availability of dietary copper has also been shown to occur in humans due 
to the excessive use of antacid resulting in elevation of the gastric pH (Van-Kalrnehtout 
et ai., 1982). There is no information, however, on the relationship between increased 
abomasal pH and copper status in ruminants. 
Plasma losses into the gut resulting from gastro-intestinal nematodiasis are 
usually non-selective in relation to molecular size (Barker, 1973). There are well-
documented plasma losses due to nematodiasis (Dargie, 1975; Steel et al., 1980; 
Symons et ai.,1981; Bown, 1986). Therefore, it appears that besides the effect of an 
elevated abomasal pH in reducing copper absorption, increased endogenous losses may 
contribute to a decrease in the host's copper status. 
There is indirect evidence that parasitism may reduce copper uptake in sheep at 
pasture. For example, liver copper concentrations in anthelmintic-treated sheep were 
always higher than those in untreated animals at pasture during a 7 month period 
(Andrew et ai., 1971). Judson et al. (1985) also observed that anthelmintic treated 
sheep maintained significantly higher liver copper concentrations compared with non-
treated sheep and some non-treated animals had plasma copper concentrations below 
0.5 mg ml-I, indicating a marginal copper status during a three year investigation. 
Liver Zn and Fe content were generally unaffected. Undoubtedly, a major consequence 
of parasitic infection could be a reduced feed intake (Sykes, 1983; Symons, 1985; 
Holmes, 1985) which would reduce the amount of copper available for absorption. The 
possibility exists, however, that parasitic infection may have interfered with copper 
absorption and/or caused accelerated loss of copper from the liver. A depression in 
liver copper status has been observed in sheep infected experimentally with T. axei and 
T. colubriformis (Hucker and Young, 1986). They did not, however, provide data on 
feed intake. 
Bremner (1959) demonstrated that significantly less copper was taken up and 
. . 
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stored in the livers of calves infected with B. phlebotomum following administration of 
a known amount of copper sulphate by ruminal injection than in worm-free controls. 
The percentage of liver copper uptake from copper sulphate was 2.5 to 3 % and 5.6 to 
6.5 % in two infected and two worm-free animals, respectively. It is, therefore, 
probable that a decrease in copper status in parasite infected animals is due to both the 
disturbed uptake of copper and the loss of copper as a result of loss of plasma into the 
gut. 
2.2.3 Host Copper Status and Parasite Development. 
A possible complication in any study which involves a dynamic equilibrium 
between two biological phenomena - the sheep as host and the parasite population - is 
that treatments imposed on one may affect the relationship and therefore the response of 
the other to the treatment. For example, changing the dietary copper intake of the host 
to study the effect of parasite infection on copper metabolism may change the size of 
the host's worm burden. There are few reports regarding the effect of the host's copper 
status on parasite development. However, Sutherland (1952) did report more worms in 
copper deficient animals than animals with normal copper levels, and more recently 
Jones et ai. (1985) observed, on the basis of faecal egg output, that Ostertagia, the most 
prevalent nematode on the fann, persisted longer in breeds of sheep with inherently low 
copper status. On the other hand, Nematodirus spp. appeared to persist longer in the 
breed with inheritly high copper status. It is not certain whether such effects of host 
copper status arose from breed differences in parameters correlated with copper status. 
Hucker and Yong (1985) reported that copper deficient sheep infected with 15,000 
infective larvae of T. axei and T. coiubriformis three times per week for six weeks 
discharged more eggs than animals with normal copper status. They injected 
ammonium tetrathiomolybdate in order to induce copper deficiency but liver copper 
concentrations in their deficient animals were 20 mg kg-1 DM which were still above 
clinical deficiency levels of 6 mg kg-1 DM (Fraser, 1982). 
Extensive structural defects develop in the small intestine of low-copper status 
cattle (Fell et ai., 1975), and are accompanied by mitochondrial damage and almost 
complete loss of mitochondrial cytochrome oxidase activity (Frieden, 1968; Mills et al., 
1976; Bremner and Mills, 1981). It is plausible that structural defects which arise in the 
mucosa as a result of copper deficiency are accqmpanied by secondary defects in the 
absorption of nutrients or even in the ability of the host to mount cellular 
immunological responses. 
The lesions due to T. coiubrijormis infection are mainly located in the distal 
duodenum and are seen as desquamation of the epithelium, oedema and a patchy 
supeIficial necrosis of the mucosa (Reveron et al., 1974). Coop and Angus (1975) 
reported that there was marked atrophy of villi in the upper part of the small intestine 
due to T. coiubrijormis infection. Intestinal worms, therefore, which alter structure in 
the mucosa of the intestine could contribute to the development of copper deficiency 
state. 
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There is growing evidence that deficiency of copper can impair the immune 
response of mice by reducing antibody production (Prohaska and Lukasewycz, 1981) 
and by changing cell morphology such as abnormal mucosal mitochondria and 
misshapen nuclei of thymic and splenic cells (Prohaska et ai., 1983), and by hampering 
mitogenic reactivity of lymphocytes (Chandra and Dayton, 1982; Vyas and Chandra, 
1983; Lukasewycz and Prohaska, 1983). Copper deficient rats have been shown to 
have a decreased resistance to infection with Salmonella typhimurium (Newberne et al., 
1968), copper deficient mice have lower LDso to infection with Pasturella multicida 
infection (Jones and Suttle, 1983), and low-copper status sheep, such as Scottish 
Blackface sheep, have a higher incidence of P. haemolytica and E. coli (Suttle, 1986). 
A similar impaired immune reaction characterized by impaired in vitro Candicidal 
activity has been reported in copper deficient cattle (Boyne and Artgur, 1981) and sheep 
(Jones and Suttle, 1981). The host immune reaction against gastro-intestinal nematodes 
is very complex, however, and taking account of the above reports it is conceivable that 
an impaired immune system in copper deficient animal may result in increased worm 
burdens. In this context, Yong et al. (1985) reported that selective depletion of T-
lymphocytes from the circulation by a continual mixed infection of T. colubriformis 
and T. axei was more common in copper deficient sheep. Liver copper concentration of 
these animals was, as mentioned early, within the normal range. One might expect 
more severe depletion of T-Iymphocytes in clinically copper deficient animals. 
In conclusion, it seems that gastro-intestinal nematodiasis may induce copper 
deficiency or significantly aggravate an existing copper deficiency. However, there 
appears to be no significant effect of host cop~er status on parasite burdens except 
perhaps in animals suffering from severe copper deficiency which results in a 
disturbance to the normal immune response. 
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CHAPTER 3 
IN VITRO SOLUBILITY OF COPPER OXIDE WIRE PARTICLE 
3.1 INTRODUCTION. 
The use of copper oxide wire particles (COWP) is based on the assumption that, 
firstly, COWP are retained in the abomasum and secondly, that trace amounts of the 
COWP are solublized into an ionic copper form in the acidic environment of the 
abomasum (Dewey, 1977; Whitelow et al., 1980; Judson et al., 1982a, 1984) which is 
subsequently absorbed from the alimentary tract. 
Langlands et al. (1986a) reported that no hepatic response in liver copper 
content occurred when the COWP were suspended in the rumen but that a response was 
achieved when the particles were inserted directly into the abomasum. This suggests 
that copper is not released from COWP until it is in contact with an acidic solution. 
Chemically, copper oxide wire particles are soluble in acid and practically 
insoluble in water (Merck Index, 9th ed., 1976» suggesting that this solubility is pH 
dependent. As yet there is no direct measurement of the optimal abomasal pH for the 
release of copper from COWP. 
Furthermore, in grazing animals there is evidence that the normal range of 
abomasal pH is disturbed by gastro-intestinal nematodiasis (Horak et al., 1965; Annour 
et al., 1966; Anderson et al., 1976; McKellar et al., 1985). There is no evidence on the 
quantitative significance of such infection for the release of copper from the COWP. 
Therefore, this experiment was designed to investigate the effect of the pH on solubility 
ofCOWP. 
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3.2 MATERIALS AND METHODS. 
The release of copper from COWP during incubation at 38 0 C in abomasal 
digesta was investigated by assessing the increase in soluble copper concentration in the 
digesta. 
Abomasal digesta was obtained from four abomasally cannulated animals 
grazing summer pasture and then pooled and stored for not more than 4 days at -20 0 C. 
The pH of pooled fresh abomasal digesta was 2.6. Aliquots of 200 g were placed in a 
500 ml flask and adjusted with 0.1 M NaHC03 and 0.1 M HCI, using a pH meter 
(Solstat EPM-31O), to give a pH range of 1.8-4.0, and divided into 4 samples of 50 g in 
each pH value. Laboratory grade wire form of copper oxide (0.6 x 4 mm, BDH 
Chemicals) containing 82 % copper was used. To three aliquots of 50 g digesta in each 
pH values 0.1 g of the COWP were added and incubated in a water bath (38 0 C) for one 
hour with occasional gentle mixing. One aliquot of digesta in each pH values were 
maintained as control to which no COWP were added. The pH values before and 
during incubation were strictly controlled and never exceeded a deviation of 0.08 units. 
After incubation a weighed quantity of abomasal digesta from each aliquot was 
centrifuged at 30,000 g for one hour at 4 0 C and the supernatant was collected and 
analyzed for copper concentration by direct aspiration into an Atomic Absorption 
Spectrophotometer (Shimadzu model AA-670). All laboratory ware was washed with 
detergent, rinsed with deionized water, then soaked overnight in 1 in 4 nitric acid (v/v) 
and rinsed thoroughly with deionized water. Only nanopure water (NANOpure II, 
Barnsted) was used throughout the experiment. 
The means of quadruplicate data obtained were subjected to regression analysis 
using SAS statistical software package (Release 5.16, Cary, N.C., USA) 
16 
3.3 RESULTS. 
The relationship between abomasal digesta pH and the concentration of copper 
in the 30,000 g fraction is shown in Fig 3-1. A rapid decrease in soluble copper 
concentration was observed between pH 1.8-2.2 and a further, more gradual, decrease 
as pH increased. 
This relationship could be described as: 
y = 2.04 (±1.142) x-3.216 (±O.1292) 
where Y= soluble Cu concentration (JIg g-l digesta), X= pH 
The soluble copper concentration in abomasal digesta of pH 3.4 matched that of control 
digesta. The soluble copper concentration in the normal digesta was 0.039 mg g-l 
digesta. 
3.4 DISCUSSION. 
The normal pH range of abomasal digesta is reported to be 2-3 (Harrison and 
Hill, 1962; Ash and Kay, 1963; Bell, 1980), although Masson and Phillipson (1952) 
reported ranges of 2.8 to 3.4. The relationship between pH and soluble copper 
concentration clearly demonstrates that, even within the normal range, variation in the 
solubility of COWP will occur and that above pH 3.4 little copper is likely to be 
released from the COWP. Even at pH 3.0 only half of the amount of copper has 
solublized compared with that dissolving at pH 2.5. This clearly indicated that the 
solubility of COWP was not only pH dependant but that the abomasal pH normally 
observed in animals is critical for solubility of COWP. 
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Copper that is not precipitated and is present in the cell-free supernatant could be 
defined as soluble copper. Bremner (1970) separated soluble copper from rumen 
digesta by centrifugation at 38,000 g for 1 h. Price and Chesters (1985) fractionated 
soluble copper from rumen and intestinal digesta by centrifugation at 30,000 g for 1 h, 
Ivan (1988) and Ivan et ai. (1983) separated soluble copper by centrifugation at 70,000 
g for 30 min and Allen and Gawthorne (1987) used 28,000 g for 30 min to separate 
soluble copper from rumen digesta. All the above techniques are based on the report by 
Wright and Hungate (1967) that a bacteria free supernatant is separated from rumen 
digesta by centrifugation at 20,000 g for 30 min. Therefore, copper in the supernatant 
separated by 30,000 g for 1 h as shown in this experiment can be said to be soluble. 
It is likely that COWP start to release copper only after lodging in the abomasum 
since COWP suspended in the rumen for 42 days have failed to increase liver copper 
concentration (Langlands et ai., 1986a). Copper ions, either Cu+ or Cu++, combine 
very rapidly with gastric secretions to form soluble complexes (Gollan, 1975). Taken 
together it is plausible that copper released from COWP in the acid portion of 
abomasum rapidly forms soluble complexes. Therefore, the soluble copper 
concentration of abomasal digesta could indicate solubility of COWP. 
Although this study was conducted in fixed environment, viz. fixed amount of 
COWP in a fixed volume of digesta for a fixed time, the results indicated that in 
addition to variation in the duration and quantity of the COWP retained in the 
abomasum (Langlands et aI., 1983; Suttle, 1987a), differences between individuals in 
solubility of COWP due to differences in abomasal pH may contribute to the marked 
individual variation in hepatic copper response to COWP (Judson et ai., 1982a; 
Langlands et ai., 1986b; Suttle, 1987a). 
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Fig. 3-1 The relationship between the pH of abomasal digesta 
and the soluble copper concentration following incubation 
with or without 0.1 9 copper oxide wire particles for 1 h. 
CHAPTER 4 
SOLUBILITY AND AVAILABILITY OF 
COPPER OXIDE WIRE PARTICLES IN SHEEP INFECTED 
WITH OSTERTAGIA CIRCUMCINCTA AND THEIR EFFECT 
ON THE DEVELOPMENT OF OSTERTAGIASIS 
4.1 INTRODUCTION. 
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When copper oxide wire particles (COWP) are administered orally, it is known 
that they pass through the reticulo-rumen and lodge in the abomasal folds for an 
extended period and slowly but consistently release trace amounts of copper. 
Therefore, high soluble copper concentrations are expected in the abomasum of animals 
treated with COWP. 
The previous in vitro experiment showed that the solubility of COWP is 
strongly pH dependent, and suggested that factors which elevate abomasal pH might 
reduce the effectiveness of the particles. 
The present experiment, therefore, was designed to determine whether infection 
with Ostertagia circumcincta, an ubiquitous gastro-intestinal nematode which is known 
to increase abomasal pH substantially (HoraK et ai., 1965; Armour et ai., 1966; 
Anderson et ai., 1976; McKellar et ai., 1985), reduces the solubility of COWP, thereby 
resulting in reduced net uptake of copper by the liver. The design was also scheduled to 
allow an examination of whether COWP lodged in the abomasum influence the size and 
pathophysiology of infection. 
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4-2 MATERIALS AND METHODS. 
4.2.1 Preliminary study. 
At the onset it was considered impractical to simultaneously sample from the 
abomasum and conduct trials with COWP in that organ because of the possibility of 
losses of the particles through the cannula. 
A preliminary study was, therefore, carried out to evaluate the effectiveness of 
samples of digesta obtained from a proximal duodenal cannula for monitoring pH of 
abomasal digesta. One Romney ram (live weight 39 kg) was starved for 24 h before 
being fitted with two cannulae under general anesthesia [Pentobarbital-Na (Nembutal-
CEVA Chemicals Australia); 25 mg kg-1live weight]. One 'T' shaped plastic cannula 
(Plate 1) was inserted into the duodenum approximately 5 cm distal to the pylorus and 
exteriorized on the mid right side approximately 2 cm caudal to the last rib. Another 
rubber cannula was inserted into the pyloric region of the abomasum and exteriorized 
on the low right side 3 cm from the last rib (Plate 2). Standard surgical techniques were 
employed (Hecker, 1974). 
The animal was housed in a metabolism cage after a 2 week period for recovery 
from surgery. It was offered chaffed lucerne hay and water ad libitum and infected with 
a single oral dose of 70,000 Ostertagia circumcincta larvae one week after anthelmintic 
treatment with ivermectin (Ivomec; Merck, Sharp and Dohme NZ Ltd.) at the rate of 
0.25 mg kg-1live weight. Approximately 20 ml of digesta from both the abomasal and 
proximal duodenal cannula were collected each clay 1 h after new feed was offered for 
21 days after infection. The pH of digesta was measured by pH meter (Solstat EPM-
310) and DM was determined by drying at 110 0 C for 24 h. 
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4.2.2 Major study. 
4.2.2.1 Experimental design. 
Twenty five 6-to 8-week old male lambs (Coopworth X Dorset Down) with 
mean (±SD) live weight of 14.8 (±3.05) kg were fitted with a cannula in the proximal 
duodenum as described in the preliminary study. The animals were maintained at 
pasture for 2 weeks to recover from surgery before being housed in metabolism cages, 
at which time they were dosed with ivermectin (Ivomec; Merck, Sharp & Dohme NZ 
Ltd) at the rate of 0.25 mg kg-l live weight. They were maintained on chaffed lucerne 
hay and water offered ad libitum with the addition of 50 g of whole barley offered once 
daily throughout the experimental period. 
The animals were allocated randomly into five groups on the basis of live 
weight. All groups comprised 4 animals except one group (PI) which comprised 9 
animals. Three groups (PI, IN and ID) were infected with infective larvae of O. 
circumcincta (7,000 d-l, 5 days W-1), commencing 7 days after being brought indoors, 
for 37 days until slaughter. The other two groups (CO and PO) acted as not infected 
controls. When the proximal duodenal pH of animals in Group PI had shown evidence 
ofresponse to infection (Day 12), all animals were subjected to liver biopsy. On day 15 
two Groups (PO and PI, infected and non-infected) were administered 5 g of uniform 
size COWP (A.R. grade, BDH Chemicals) containing 82% copper with a mean 
diameter of 0.48 mm, length between 2-4 mm and a specific gravity of 5.4, in gelatin 
capsules. Animals in Group ID were drenched with ivermectin on day 15. Animals in 
Group CO acted as non-infected controls throughout the experiment. 
Proximal duodenal digesta and faeces were collected each day throughout the 
experimental period. On days 17 and 24 ( 2 and 9 days after COWP treatment), 
however, samples of digesta were collected more frequently, viz. every 2 h for 6 h. 
Lambs were weighed one day before commencement of infection and one day before 
slaughter, and were bled twice weekly. All animals were slaughtered on day 38 in 
order to recover the copper oxide wire particles and worms from the stomach. 
The experimental design is given in Fig. 4-1. 
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4.2.2.2 Sampling procedures. 
4.2.2.2.1 Digesta. Samples of proximal duodenal digesta, approximately 50 ml, 
were collected each day directly into polyvinyl bags attached to the cannula barrel 1 h 
after fresh food was offered. Immediately after collection pH was determined 
electrometrically with a pH meter as described in Chapter 3 (3.2), centrifuged at 30,000 
• g for 1 h at 4 • C and the supernatant collected and stored at -20 C. 
4.2.2.2.2 Feed and Faeces. Approximately 50 g of chaffed lucerne hay was 
collected twice, and about 20 g of barley once each week to determine DM, DMD, 
crude protein and copper concentration. Faecal collection bags (a harness made of 
nylon stockings and fitted around the hindquarters) were emptied and weighed each day 
after the feed was offered. Faeces were thoroughly mixed and approximately one tenth 
• 
was collected, dried at 70 C for 48 h and ground in a stainless steel mill to pass 
through a 1 mm sieve for determination of copper concentration. 
4.2.2.2.3 Blood samples. Blood samples were taken by jugular venipuncture into 
heparinized vacutainers (sodium heparin, Sigma: 100 USP per 10 m1 tube). Plasma was 
separated by centrifugation at 1,000 g for 15 min within 3 h after collection and stored 
• 
at -20 C until analysis. 
4.2.2.2.4 Liver biopsy. Under general anaesthesia with thiopental-Na [Intraval 
sodium; May & Baker NZ, Ltd); 15 mg kg-l liveweight] , animals were restrained in a 
lateral position. About 200 mg of wet liver tissue was taken from each animal using a 
ventro-lateral approach in the middle of the 9th intercostal space by the method of 
Familton (1985). The core of tissue was drained on gauze and freeze dried. The 
animals were given antibiotic [(Propen S; Glaxo NZ, Ltd) 6 m1 per animal] and returned 
to their individual cages. 
4.2.2.2.5 Parasite larval culture and dosing. Infective larvae were obtained from 
faeces of sheep monospecifically infected with O. circumcincta following culture at 
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26 0 C for 7 days. They were passed through Baennan filters in order to collect actively 
motile larvae. Aliquots were counted to ascertain doses of 7,000 larvae which were 
dispensed onto filter papers which were rolled into 'bullets' suitable for administration 
with a balling gun. Doses were administered on 5 days each week before new feed was 
offered. 
4.2.2.3 Post-mortem procedures. 
All animals were slaughtered by simultaneous severance of blood vessels in the 
neck and dislocation of the cervical vertebrae. Bodies were eviscerated immediately. 
To minimize the possible movement of COWP after slaughter, the stomachs of COWP 
treated animals were secured immediately after separation from the carcass at the 
oesophagus, at the reticulo-omasal opening and at the pylorus and kept at -20 0 C until 
separation of the COWP except in the case of the abomasa from Groups PI which were 
immediately subjected to wonn recovery. 
4.2.2.3.1 Parasite recovery. Abomasal contents plus mucosal washings were 
collected in a 21 plastic beaker and made up to 21 with tap water. A 10 % aliquot of 
the suspension (200 ml) was collected and preserved in 10 % fonnalin. The remaining 
suspension from Groups PO and PI was used for recovery of COWP. The whole empty 
abomasum was weighed prior to being transferred to a plastic jar containing 2 I of wann 
0.15M NaCl solution with 1,000,000 u of penicillin G (sodium salt; Sigma, USA) and 
0.5 g of dihydrostreptomycin (suphate salt; Sigma, USA). The plastic jar was incubated 
o 
for 24 hat 38 C for recovery of 4th-stage larvae (Alva-Valdes et ai., 1984). After 
incubation the mucosal surface was vigorously washed with hot tap water, the washings 
secured over a 45 ",m sieve, carefully washed and the parasites on the sieve collected in 
a separate container and preserved in 10 % formalin. Parasites were identified and 
counted using a stereoscopic microscope. 
4.2.2.3.2 Recovery of copper oxide wire particles. The internal surface of the 
stomach compartment was thoroughly washed with water which was then mixed with 
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digesta. Digesta was carefully broken up by hand under the water to release COWP. 
Tissue and digesta were removed by floatation, leaving the sediment of COWP and 
sand. The remaining sand and COWP were transferred into a separating funnel 
containing tetrabromoethane (sp.gr, 2.96; May and Baker Ltd., England) to separate off 
sand by the density sedimentation and then washed in a few drops of ethanol, dried and 
weighed. Abomasa of animals from infected and COWP treated group (PI) were 
subjected to procedures to recover COWP after parasite recovery. The recovery of 
COWP from these animals was carried out simply by collecting sedimented particles 
from the bottom of the beaker which was used for parasite recovery. The sedimented 
particles were then separated from sand, washed, dried and weighed as above. 
4.2.2.3.3 Liver tissue. The entire liver was separated from the carcass and the gall 
bladder and surrounding tissues were removed. it was then weighed and two samples 
of approximately 1 g taken from the visceral lobe into a pre-weighed 20 m1 digestion 
vial. Liver weights are given as wet weight (g) and as the ratio of wet weight to body 
weight x 100 (%). 
4.2.2.3.4 Abomasal weight. Empty abomasa were secured after parasite and/or 
COWP recovery, surrounding fat tissue removed and then weighed. Abomasal weights 
are given as g and as the ratio to body weight x 100 (%). 
4.2.2.4 Analytical methods. 
4.2.2.4.1 Feed, abomasal digesta and faeces. Dry matter contents of feed, 
abomasal digesta and faeces were determined after drying at 110 0 C for 48 h. Soluble 
fraction of abomasal digesta was collected by centrifugation at 30,000 g for 1 h at 4 0 C 
as described in Chapter 3. In vitro DMD was determined by the pepsin-cellulase 
digestion method of McLeod and Minson (1978) and crude protein content was 
determined by analyzing total N content by the Kjeldahl digestion method using a 
tecator system (Kjeltec Auto 1030, Tecator, Sweden). 
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Total copper concentration in each of the digesta, feed and faeces was 
determined after wet ashing in 4 ml of 3: 1 (v/v) mixture of nitric acid (70%) and 
perchloric acid (60%) (MAFF, 1986), and the ashed samples were diluted to 10 ml, 
except faecal samples from COWP treated animals which were diluted to 200 ml, with 
5 % HCI (v/v) and determined by atomic absortion spectrophotometer (AAS; AA-670, 
Shimadzu). Soluble copper concentration in the digesta was determined by direct 
aspiration of the soluble fraction into the AAS. 
4.2.2.4.2 Blood parameters. Plasma copper concentration was determined by direct 
aspiration of plasma into the AAS after 1:2 dilution with 6 % butanol (v/v). 
Caeruloplasmin activity was assessed by the method of Sunderman and Nomoto (1970) 
using p-phenylenediamine as the substrate except that pH was adjusted to 6.4 by the 
method of Bingley and Dick (1960). Enzyme activity was expressed as M 530 nm at 
38 0 C for 30 min (Absorbance of reaction tube - Absorbance of blailk tube). 
Plasma pepsinogen concentration was determined by the method of Edward et 
al. (1960) but with 0.9 % bovine serum albumin (Fraction V, Sigma) in glycine-HCI 
buffer (0.1 M, pH 2.5) as the substrate (Berghen et al., 1987). The results were 
expressed as international units per I of plasma (1 unit=l micromole of tyrosine 
produced per min). 
Aspartate aminotransferase (AST) activity in plasma was assessed by the 
recommended method of the International Federation of Clinical Chemistry (1976) 
using a microcentrifungal analyser (Multistat III Plus, Instrumentation Lab, USA) with 
BGH kits (BGH Biochemical, Taiwan). Plasma AST activity was expressed as U tl. 
All blood parameters were determined within 3 weeks after collection. 
4.2.2.4.3 Liver tissue. Liver tissue samples were dried at 110 0 C for 48 h and copper 
concentration was determined using AAS after wet digestion in 3 ml of a 3:1 mixture of 
nitric acid and perchloric acid. Liver copper concentrations were expressed as mg kg-1 
DM and total liver copper content was calculated on the basis of copper concentration 
and total liver weight [Entire wet weight x (sample DM weight/sample wet weight x 
copper concentration by DM)] and expressed as mg whole liver-l. 
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4.2.2.5 Statistical analysis. 
Data manipulation was accomplished using Minitab Statistical software package 
(Release 5.1; Pensyvenia state University, USA). Differences between non-infected 
Groups (PO and CO) and between COWP treated Groups (PO and PI) were determined 
using Student's t-test, and the differences between infected groups (PI, ID and IN) and 
between all groups were determined by Duncan's multiple range t-test using general 
linear models. All statistical analyses, viz. Student t-test, Duncan's multiple range t-test 
and regression analysis, were performed using SAS Statistical software package 
(Release 5.16; Cary, N.C., USA). Worm counts were analyzed after logarithmic 
transformation (J.R. Egerton, personal communication). P values <0.05 were 
considered significant. Means are given with one standard error unless otherwise 
stated. 
4.3 RESULTS. 
4.3.1 Preliminary study. 
The pH of abomasal digesta (Y) was closely related to the pH of proximal 
duodenal digesta (X) (FigA-2). 
The relationship could be described as: 
Y = 0.38 (±0.184) + 0.81 X (±0.066) 
On average, the mean pH of proximal duodenal digesta was 0.15 units higher than that 
of abomasal digesta (P<O.OOl). 
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The mean DM concentration was 4.08 (±0.06) and 3.33 (±O.OS) % for abomasal 
and proximal duodenal digesta, respectively, and a poor correlation was observed 
between those two samples, although average DM concentration of abomasal digesta 
was higher than that of duodenal digesta by 0.75%. About 2 to 15 min. was required to 
collect 50 ml of duodenal digesta. On the other hand abomasal digesta gushed out 
whenever the cannula was opened. 
4.3.2 Major study. 
The DM, crude protein content, DMD and copper concentration in the feed were 
85.6 (± 1.1) %, 15.3 (±0.21) %,58.6 (±0.76) % and 4.9 (±0.3) mg kg-1 DM for lucerne 
hay and 87.8 (±1.6) %, 804 (±O.Ol), 89.3 (±O.lS) and 2.8 (±OA) mg'kg-1 DM for the 
barley, respectively. 
4.3.2.1 Clinical observations. 
4.3.2.1.1 Live weight gain and DM intake. The mean live weight gain during the 
trial was significantly depressed in Group IN (P<O.OS) compared with Groups PO and 
CO and (Table 4.1). 
Differences in mean daily DM intake between groups were not significantly 
different within 4 weeks of commencement of infection (FigA-3). There was a 
significant difference in DM intake between Group IN and Group CO at week 5 
(P<O.OS). The mean daily DM intake throughout the experiment was 847 (±86A), 789 
(±S4.1), 749 (±42.7), 663 (±33A) and 783 (±Sl.1) for Groups CO, PO, PI, IN and ID, 
respectively. 
U 
Diarrh~ea was not seen in any of the animals during the 6 week experiment nor 
, 
were faecal or duodenal DM concentrations significantly affected by parasitism 
(FigA-4). Mean DM concentration of duodenal digesta was maintained within the 
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range of 3.1-5.0 % and those of faeces were 29.8-40.6 % throughout the experimental 
period in all groups. 
4.3.2.1.2 pH. Mean pH of proximal duodenal digesta of control animals in Groups 
CO and PO did not rise above 3 at any time and in most samples the values were 
around pH 2.5 (Fig. 4-5). On the other hand values in infected groups began to rise 9 
days after commencement of infection. In Groups PI and ID the pH values were 3.4 
and 3.2 at the time they were treated with COWP or drenched, respectively. A further 
increase in mean pH from 3.4 to 4.4 was observed 6 days after administration of 
particles in Group PI. These elevated pH values were maintained throughout the 
experiment in Groups PI and IN. No difference in mean pH between Group PI and IN 
was observed throughout the experimental period but values in these groups were 
significantly higher (P<0.001) than those of Groups CO and PO at day 11 and on all 
succeeding days. In Group ID the pH began to fall after drenching and had returned to 
the normal range by 7 days after drenching (Day 23). However, pH began to rise again 
15 days after drenching (Day 31). The digesta developed a fetid smell as its pH 
increased above 5. 
4.3.2.1.3 Pepsinogen. Plasma pepsinogen concentrations in Groups IN, ID and PI 
began to rise about 10 days after commencement of infection (Fig. 4-6). In Group IN 
pepsinogen values remained significantly higher than those of Group CO and PO 14 
days after commencement and on all succeeding days (P<0.05). In Group ID the values 
increased steadily for 3 days after drenching and then fell gradually almost to normal 
values and significantly lower values were recorded 10 days after drenching compared 
with those of Group IN (P<0.05). Plasma pepsinogen values in Group PI were slightly 
lower than those of Group IN but statistically significantly lower values were observed 
only at 15 days after COWP treatment. No differences in mean plasma pepsinogen 
concentration between Groups PO and CO were observed. 
4.3.2.1.4 Liver and abomasum weight. Weights of the wet empty abomasum and 
of the liver and their relationship with body weight are given in Table 4.1. Mean wet 
empty abomasal weights in Groups PI, IN and ID were significantly higher than that of 
Groups PO (P<0.05). The mean wet abomasal weight of Group PI was significantly 
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higher than those of Groups IN and ill (P<0.05). However, the wet empty abomasal 
weight in relation to body weight in Groups PI, IN and ill were significantly higher 
than Groups CO and PO. No difference in either wet abomasal weight or in its 
relationship with body weight was observed between Groups CO and PO. 
Means for wet and dry weight of the liver in Groups CO were higher than those 
of Groups ill and IN (P<0.05) and Groups PO and PI were higher than those of Group 
IN (P<0.05) but no significant differences were observed when expressed in relation to 
body weight. 
4.3.2.2 Solubility and availability of copper oxide wire particles. 
4.3.2.2.1 Soluble copper concentration. The mean soluble copper concentrations of 
proximal duodenal digesta 1 h before administration of the COWP were 0.048 (±0.005) 
and 0.053 (±0.005) J.l.g g-l digesta in groups PO and PI, respectively. The first sample, 
taken exactly 3 h after administration of COWP, contained significantly higher soluble 
copper concentrations than samples taken 1 h before treatment (Fig. 4-7). This rapid 
increase was observed in all COWP-treated animals. A sustained increase in the soluble 
copper concentration was observed in Group PO during the first 4 days after treatment. 
This was relatively stable for a subsequent period of 10 days and then gradually 
decreased. A similar pattern was observed in Group PI, although soluble copper 
concentrations were significantly lower than in Group PO for all succeeding days 
(P<0.05). Mean soluble copper concentrations of Groups CO, IN and ill were 0.051 
(±0.006), 0.048 (±0.005) and 0.044 (±0.008) J.l.g g-l digesta, respectively, and these 
values remained relatively constant throughout the experiment. The relationship 
between soluble copper concentration (Y) and pH (X) of the digesta collected every 2 h 
for 6 h on days 2 and 9 after COWP treatment was curvilinear and indicated that release 
of copper from the particles was decreased as pH increased (Fig. 4-8). These 
relationships were described as : 
Day 2, Y = 0.89 (±1.422) x-1.89 (±0,324) 
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Day 9, Y = 1.19 (±1.368) X-2.12 (±0.249) 
The pH and soluble copper concentration in proximal duodenal digesta in individual 
animals from COWP treated groups (PI and PO) are given in Fig. 4-9 and 4-10. These 
also show lower soluble copper concentration when duodenal digesta pH increased 
above 3 (Fig. 4-9). 
Total copper concentration in the proximal duodenal digesta of the particle 
treated groups showed marked variation between samples in individual animal after 
treatment, and frequently very small copper oxide wire particles were observed in these 
digesta. 
4.3.2.2.2 Retention of copper oxide wire particles. The amounts of particles 
recovered from the reticulo-rumen 22 days after administration was relatively small and 
no significant differences in the quantities retained between Groups PO and PI were 
observed (Table 4.2); the mean quantity of the total particles recovered from reticulo-
rumen was 0.47 (±0.264) and 0.41 (±0.182) g for Group PO and PI, respectively. Very 
few particles were recovered from the omasum except for one animal in group PI which 
retained 0.15 g. However, the amount (g) of COWP recovered from the abomasum was 
1.56 (±0.543) and 3.58 (±0.234) for PO and PI groups, and this difference was 
significant (P<O.Ol). The amount of COWP recovered from the omasum-abomasum 
(Y) was positively related to the mean daily proximal duodenal pH (X) after COWP 
treatment (Fig. 4-11) by the relationship: 
Y = -0.07 (±0.883) + 0.87 X (±0.247) 
A significant difference between Groups PO and PI in the total amount of particles 
recovered from all of the stomach compartments was also observed (P<0.05). This 
difference was due mainly to differences in the amount of particles recovered from the 
abomasum. About 72 % of the recovered dose from Group PO was retained in the 
abomasum whereas this value was 90% for Group PI. Individual amounts of the 
particles recovered from the abomasum and the soluble copper concentration in 
abomasal digesta at slaughter are shown in Fig. 4-11. Ten out of 13 animals with 
soluble copper concentrations below 0.15 Ilg g-l digesta at slaughter had retained more 
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than 2.5 g of COWP in the abomasum, and conversely 3 out of 13 animals with soluble 
copper concentrations over 0.15 ,.,.g g-l digesta had retained less than 2.5 g of the 
, 
particles. 
()/V'"'/ 
Most of the particles remaining in abomasi with normal pH values showed the 
reddish color of the copper core due to loss of the oxidized coating, but most of the 
particles retained in the abomasum in Group PI did not show such red coloration (Plate 
3). Particles recovered from the reticu10-rumen were a shiny black colour and there 
were no differences in shape or colour of particles between Groups PO and PI. 
4.3.2.2.3 Excretion of the copper oxide wire particles. Cumulative faecal copper 
excretion in individual COWP treated animals (Groups PO and PI) was reduced by the 
mean cumulative faecal copper excretion of control animals (Group CO) and expressed 
as a percentage of the dose given. The data are given in Fig. 4-12. The cumulative 
faecal copper excretion rates (Y, %) were related to the number of days (X) after 
administration by linear equations. 
Group po; Y = -2.24 (±1.942) + 2.01 X (±0.155) 
Group PI; Y = 0.115 (±0.495) + 0.56 X (±0.039) 
(R2=0.67) ~ 
(R2=0.52) 
These show that faecal excretion of copper after COWP treatment reflected the 
differences in the particle retention. There was a linear relationship between the amount 
of the particles recovered from the whole stomach (Y, g) 21 days after administration 
and the amount of total faecal copper excretion eX, g) (Fig. 4-13). 
This relation could be described by the equation: 
Y = 4.55 (±0.152) - 1.13 X (±0.113) 
Log transformed data for the total amount of copper excreted in faeces (Y, mg) during 
21 days after COWP treatment was related to the mean daily duodenal pH (X) 
(FigA-13): 
Y = 3.96 (±0.192) - 0.3 X (±0.053) 
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4.3.2.2.4 Copper status. There were no significant differences in plasma copper 
concentration or caeruloplasmin activity between groups (Fig. 4-14). The mean plasma 
copper concentration was maintained within the range of 0.8 - 1.25 p.g ml-1 and 
caeruloplasmin activity was maintained within the range of 0.35 - 0.55 as described by 
llA throughout the experiment. 
The changes in mean liver copper concentration are shown in Table 4.3. Liver 
biopsy samples revealed significant lower initial values in Group CO than any other 
groups (P<0.05). A significant increase in liver copper concentration between samples 
obtained at liver biopsy and at slaughter was observed in Groups PO (P<O.OOl) and PI 
(P<O.OOl), the increase being greater in the PO than in the PI group (P<O.OI). 
Increment of liver copper concentration in COWP treated groups (PO and PI) was 
significnatly higher than those of COWP not treated groups (IN, 10 and CO) by 
P<0.001. A significant decrease in liver copper concentration was observed in Groups 
IN (P<0.05) and ID (P<0.05). On the other hand a significant increase was observed in 
Group CO (P<0.05). 
The hepatic response in copper concentration (Y, mg kg-10M) to COWP was 
related to the mean daily proximal duodenal pH (X) during the period after 
administration (Fig. 4-15). 
The relationship could be described by the equation: 
Y = 1152 (±109.1) - 204.9 X (±30.51) 
The changes in total liver copper content are also given in Fig. 4-15. 
Total liver copper content (Y, mg) was linearly related to the liver copper concentration 
(X, mg kg-10M) by the relationship: 
Y = -5.1 (4.10) + 0.15 X (0.007) 
Mean initial and final total copper contents were 22.5 ± 7.81 and 31.4 ± 11.16,25.4 ± 
1.79 and 120.7 ± 5.32,33.6 ± 2.38 and 85.7 ± 13.62,28.5 ± 4.17 and 21.7 ± 3.95, and 
35.7 ± 5.80 and 30.4 ± 5.21 for Groups CO, PO, PI, IN and ID, respectively. 
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The mean plasma aspartate aminotransferase activity of final samples was 
. 80.7±9.7, 115.5±17.3, 101.3±8.91, 91.2±2.14 and 162.5±67.3 ; U 1-1 for Groups CO, 
PO, PI, IN and ID, respectively. One of the animal from Group ID showed markedly 
elevated activity (362 U 1-1 ). No significant differences in AST activity of initial and 
final samples within groups was observed (Table ,4.4). 
4.3.2.3 Effect of copper oxide wire particles on 
O.circumcincta development. 
The geometric means of the numbers of worm recovered are shown in Table 
4.5. The total number of worms recovered, expressed as percentage of the total larval 
dose, was 31.2 (±6.2) and 23.5 (±3.3) for Groups IN and PI, respectively. Ofthe total 
worms recovered, 40.6 (±3.2) and 43.7 (±5.7) % were 4th-stage larvae for Groups IN 
and PI, respectively. The efficacy of COWP in reducing worm burdens was 36.3 % for 
adult worms, 43.2 % for male worms and 31.3 % for female worms, and 19.2 percent 
for 4th stage larvae and was reflected in the 24.8 % reduction in total worms. 
Ivermectin treatment in group ID reduced the numbers of 4th stage larvae by 48.4 % 
compared with Group IN and 36.1 % compared with Group PI. Adult worms were not 
found in Group ID. No worms were recovered from the animals in Groups CO and PO 
except for one animal in Group CO which harboured 780 worms: 660 adult and 120 
larvae. 
4.4 DISCUSSION. 
These studies have shown very clearly that abomasal parasitism interferes with 
copper metabolism in the ruminant host whether in respect to the effectiveness of 
COWP supplements or to copper status on normal diets. 
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The most striking result of this study is the significantly higher retention of the 
COWP in animals with an elevated abomasal pH as a result of parasitism than in those 
with normal abomasal pH. The excretion and retention of the copper oxide wire 
particles was significantly affected by mean daily duodenal'pH, a higher retention in the 
abomasum and lower rate of faecal excretion occurring as the mean daily duodenal pH 
increased. 
Reduced feed intake is likely to slow the rate of intestinal transit (Coombe and 
Kay, 1965) as well as the amplitude of abomasal activity and the frequency of the 
duodenal rushes (Gregory et al., 1985). However, feed intakes were similar in both 
COWP treated groups and no correlation was found between DM intake and the 
amount of COWP retained in the abomasum. Feed intake, therefore, did not appear to 
have had any effect on this phenomenon. 
On the other hand Bueno et al. (1982) reported that increased abomasal pH in 
sheep infected with H. contortus accelerated gastric emptying and increased duodenal 
digesta flow. Moreover, alkaline duodenal perfusion caused rapid gastric emptying and 
acid solutions comparable in pH to the gastric secretions caused complete inhibition of 
abomasal emptying (Bell and Holbrooke, 1979; Bell et al., 1981). Elevated abomasal 
pH, therefore, would have been expected to result in increased gut motility and reduced 
abomasal emptying time. Lower retention of particles in the abomasum with elevated 
pH rather than higher retention as shown in present experiment might, therefore, have 
been anticipated. The possibility that a reduced rate of dissolution of the COWP due to 
unfavorable abomasal pH, as shown in Chapter 3, resulted in high retention of the 
particles rather than lower retention of the COWP per se in the abomasum cannot be 
excluded. Similarly, the fact that the majority of particles recovered from the 
abomasum of the animals in group PI, like those recovered from the reticulo-rumen, did 
not disclose their red copper core but had a shining metallic surface and had only 
partially lost their oxide coating, probably reflects a reduced rate of dissolution. Similar 
changes in particles recovered from the stomach were noted by Judson et al. (1982a). 
They suggested that the loss of the oxide coating, which could enhance the specific 
gravity of the particles, might, in fact, be an advamage since it should increase retention 
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time in the abomasum. However, the majority of the COWP in the abomasum with 
elevated pH remained without loss of oxide coating, suggesting that this is not 
important in influencing retention time in the abomasum. 
The rapid increase in soluble copper concentration of duodenal digesta in the 
COWP-treated groups suggested that COWP were moved to the abomasum almost 
immediately after being introduced into the reticulo-rumen. This rapid increase was 
markedly higher in Group PO than in Group PI. 
To minimize loss of the COWP lodged in abomasum, duodenal cannulae were 
, 
preferred to abomasal cannulae. As a result of the preliminary study, it was shown that 
practically no difference existed between samples from both sites. However, it was 
impossible to collect duodenal digesta which were free of tiny particles of COWP. This 
contamination contributed to the wide variation in total copper concentration of the 
duodenal digesta between samples after COWP treatment. However, the loss of the 
particles with the digesta did not appear to influence copper excretion rate since the 
total amount of copper excreted plus the amount of the particles retained in the stomach 
was about equal to the dose given (Fig. 4-13). 
Less than 10 % of the COWP administered were retained in the reticulo-rumen 
of both PO and PI groups. Very few particles were observed in the omasum and those 
present may have been relocated by 'flow back' of particles due to strong reverse 
movements at or immediately after slaughter. Some of the particles recovered from the 
omasum did show a reddish copper core typical of the particles recovered from the 
normal abomasum. Such a 'flow back' phenomenon of the particles was also observed 
by Judson et at. (1982a). 
The increment in liver copper concentration in animals with arbitrary abomasal 
pH values of 2.5 and 4 can be calculated from the equation B to be 638 and 331 mg 
kg-1 DM, respectively or total liver copper content of 89.8 and 44.2 mg, calculated from 
the equation C. The effectiveness of COWP (percent of dose retained in liver) was, 
therefore, 1.8 and 0.9 % for animals with abomasal pH of 2.5 and 4.0, respectively. 
Clearly there is scope for error in calculations of this kind, but the relatively small 
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difference in either disappearance of copper or appearance of copper in the liver 
between groups was surprising in view of the fact that the solubility trial in Chapter 3 
(Fig. 3-1) suggested negligible solubility at pH 4. Moreover, sheep simply infected 
with parasites (Group IN), in fact, were in negative copper balance. This suggests that 
early accumulation of copper from COWP may have occurred before abomasal pH 
reached its highest values, for which there is evidence in Fig 4-9. 
It is clear, however, that in the Context of the duration of the present trial, 
hepatic copper response to COWP was inversely related to the pH of abomasal digesta. 
Low rates of liver copper accumulation resulted from poor availability of the particles 
in the elevated abomasal pH despite the fact that more particles were retained in the 
abomasum in the animals with elevated abomasal pH. 
, 
It is conceivable that the release of copper from COWP lodged in abomasum 
could be resumed if abomasal pH in sheep infected with O. circumcincta returned to 
normal, either as a result of anthelmintic treatment or the development of host 
resistance. Although the duration of elevated abomasal pH due to parasitism depends 
on the host responses to the parasite and the size and pattern of larval dose, it takes a 
considerable period for elevated abomasal pH to return normal values. In the present 
experiment, animals drenched with anthelmintic (Group ID) did not show a fall in 
abomasal pH to below 3 until 7 days after treatment, and this had risen again within 10 
days in the face of the continual large trickle infection. Moreover Coop et al. (1982, 
1985) reported that the pH of abomasal digesta in sheep at 98 days after commencement 
of infection with 5,000 O. circumcincta larvae (5 d week-1 for 12 weeks) was still 
greater than 4, reflecting slow development of resistance. It is, however, uncertain 
whether substantial amounts of COWP could be retained in the abomasum for such an 
extended period. Langlands et al. (1983) reported that at least half of the COWP 
administered to Merino wethers were excreted within 10 days and most were excreted 
within one month. The time for total excretion of COWP from the gut of Cheviot ewes, 
based on faecal copper excretion rates, was calculated by Suttle (1987a) to be 130, 104 
and 154 days at doses of 2.5, 5 and 10 g, respectively. In the present study total 
excretion of the COWP can be calculated using equation A to be 51 days and 178 days 
for Groups PO and PI, respectively. The present work and the study of Suttle (1987a) 
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were carried out indoors whereas that of Langlands et al. (1983) was conducted 
outdoors and different breeds were involved. Direct comparisons are, therefore, 
difficult. Nevertheless, the present trial suggests that whereas the rapid release of 
copper from COWP will be impaired soon after administration in animals with elevated 
abomasal pH as a result of infection, the fact that COWP will be retained for as long as 
150 days suggest that delayed copper absorption may be possible if the source of 
infection is removed or effective host resistance develops, particularly to incoming 4th-
stage larvae which cause much damage to the gastric glands (Armour et al., 1966; 
Ritchie et al., 1966; Wiggin and Gibbs, 1987). Interpretation of the results of 
supplementation of grazing sheep is, however, likely to be extremely hazardous unless 
their parasitological status is known. 
This experiment clearly demonstrated, for the first time, that infection with the 
abomasal nematode, O. circumcincta, actively induced liver copper depletion since 
. 
animals from infected groups (Group IN and ill) showed markedly lower liver copper 
concentrations than not infected groups and had actual reductions in liver copper during 
infection. There are other studies which have produced indirect evidence that copper 
deficiency is a consequence of parasitism since Andrew et al. (1971) observed 
significantly higher liver copper concentrations in grazing animals with mixed 
Ostertagia/Trichostrongylus species infections when drenched with anthelmintic 
compared with not treated animals. Judson et al. (1985) reported that three 
anthelmintic treatments (winter, spring and summer) or regular treatment every three 
weeks significantly increased liver copper concentration compared with animals not 
treated while grazing pasture and suffering unspecified infections. Reduced liver 
copper levels were also reported in calves infected with hook worm, Bunostomum 
phlebotomum (Bremner, 1959) and in sheep infected with a mixture of T. colubriformis 
and T. axei (Hucker and Young, 1986). Surveillance (1981) also provided evidence 
that ostertagiasis could exaggerate copper losses from the body in cattle. However, the 
above reports did not provide clear parasitological data and nor was there any 
explanation of mechanisms by which the different infections induced the changes. 
Interestingly, anthelmintic was not successful in restoring liver copper reserves 
in Group ill (Table 4.4 and Fig. 4-15). This may be due to the slow and incomplete 
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recovery in abomasal pH. Marriner et ai. (1985) similarly observed that pH had 
returned to the normal range by 8 days after drenching in infected sheep although 
Anderson et ai. (1976) reported that in sheep treated with anthelmintic abomasal pH 
values returned to less than 4 at 2.5 to 7 d after treatment. Sheep in the present study 
were exposed to continuous infection. Clearly reestablishment of infection occurred 
soon after the anthelmintic was cleared from the body, a situation typical of field 
infections and treatment. A slow response of abomasal pH after anthelmintic treatment 
may partially explain the continual decrease in liver copper levels observed for two 
weeks after anthelmintic treatment in calves infected with mixed helminth species, H. 
piacei, B.phiebotomum, and O. radiatum (Bremner,1959). 
It is difficult to explain precisely how ostertagiasis alters host copper status. A 
number of factors might be important. First, reduction in feed intake, which has ranged 
from 6-20 % in O. circumcincta infections in sheep (Coop et ai., 1977, 1982; Sykes and 
Coop, 1977), may be important. On the assumption that availability of copper in 
lucerne hay in the present work was 10 % it can be calculated that only 1.8 mg less 
copper would have been absorbed in Group IN than in Group CO throughout the 38 
day infection period. However, total liver copper concentration in Group IN was 
reduced by 6.76 mg and that of Group ID by 5.73 mg without significant difference in 
feed intake compared with Group CO, indicating that some other mechanisms were 
involved. 
Secondly, the rise in abomasal pH may reduce availability of copper. This may 
be the strongest evidence in view of the strong relationship between copper uptake from 
COWP and abomasal pH. Evans (1973) and Marceau et ai. (1970) proposed that 
copper dissociates from macromolecules and would be released as either ionic or copper 
amino acid complexes in the acid portion of stomach. Several investigations have 
indicated that amino acids facilitate the transport of copper across cell membranes from 
a variety of tissues (Evans, 1973; Cousins, 1985). A relatively high pH value may 
contribute to poor dissociation of copper from macromolecules. Moreover, copper 
associated with the bacterial fraction of rumen digesta increases in availability from 11 
% to 100 % as it passes from the rumen to the duodenum and appears to make the 
greatest contribution to the pool of available copper in the duodenal digesta (Price and 
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Cheaters, 1985). These authors speculated that this increase in availability resulted 
from the fall in pH of the digesta on passage through the abomasum as a consequence 
of bacteriostatic effects and protein denaturation. Thus, elevated abomasal pH may 
reduce availability of the copper associated with the bacterial fraction. Furthermore, a 
marked increase has been reported (Jennings et al ., 1966) in the numbers of viable 
bacteria in the. abomasum in association with elevated abomasal pH in calves infected 
with O. ostertagi. Their bacterial culture was performed aerobically using plain 
nutrient agar and MacConkey agar which only allowed recovery of a small proportion 
of the bacteria, including abomasal indigenous bacteria, since most of rumen bacteria 
were known to require an unidentified growth factor present in the rumen (Hobson, 
1969) and were obligate anaerobes (Hungate, 1975). Nicholls et al. (1987), using a 
special medium which was designed to recover anaerobic rumen and abomasal bacteria, 
observed a greater survival and multiplication of rumen bacteria coincidental with 
elevated abomasal pH, rather than indigenous abomasal flora, in the abomasa of sheep 
infected with H. contortus. A strong fetid smell in duodenal digesta observed in this 
experiment when its pH value rose to 5 may have resulted from bacterial change in the 
abomasum due to loss of bacteriostatic activity in this organ. Nothing is known about 
the effect of these bacteriological changes in the abomasum on trace element nutrition 
of the host. Wallace (1983) reported that some of the rumen Gram-positive bacteria 
resisted digestion and Beverage and Murray (1980) observed that some trace metals 
including substantial amounts of copper were preferentially bound to cell walls of 
Gram-positive bacteria. Although Gram-positive bacteria are considered to be a minor 
component of the rumen bacterial population (Bryant, 1970) nothing is known about 
the importance of copper bound onto Gram-positive bacterial cell walls in relation to 
the total available copper. It is likely that in the animal infected with Ostertagia, Gram-
positive rumen bacteria would be less likely to be lysed as a result of the elevated 
abomasal pH. 
Copper deficiency is uncommon in humans, but it has been reported in a patient 
who had used antacid extensively (Van Kalmthout et al., 1982; Clinical nutrition cases, 
1984). On the other hand, duodenal coccidiosis in chickens, induced by Eimeria 
acervulina, enhanced copper absorption by decreasing pH in the duodenum which is 
the major absorption site for copper in this species (Southern and Baker, 1982; Brown 
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and Southern, 1986). Copper availability and/or absorption are therefore thought to be 
altered by pH-mediated processes. Even though transit time of digesta in the 
abomasum is relatively shorter in ruminants than in simple stomached animals (Warner, 
1981), there is no reason to exclude the possibility of the altered availability of copper 
by pH-mediated processes. This possibility can be partially supported by the report that 
a marked depression in copper absorption in sheep resulted from raising the intestinal 
pH with high dietary CaC03 (Dick, 1954). Moreover, it is known that Cu-Mo 
complexes are formed in a pH range near neutrality such as in rumen and that 
thiomolybdates are unstable at low pH (Zumft, 1978; Clarke and Laurie, 1982). It is 
plausible, therefore, that elevation of abomasal pH to values close to those prevailing in 
the rumen may provide molybdenum with more opportunity to exert copper 
antagonistic activity. 
Thirdly, increased net endogenous losses may be responsible. Enhanced 
permeability of the abomasal wall to macromolecules in sheep infected with O. 
circumcincta has been reported by several workers ( Armour et al., 1966, 1974; 
Anderson, 1976; Coop et ai., 1977). The animals in the present study were given a 
trickle dose of infective larvae, therefore, the larvae continually entering and emerging 
from the abomasal mucosa might alter the integrity of the mucosa and allow losses of 
blood constituents into the abomasal lumen. Murray (1969) observed that intercellular 
spaces between epithelial cells in the Ostertagia-infected gastric mucosa were dilated 
and speculated that enhanced permeability of the gastric wall was mainly due to 
widespread breakdown of zonulae occludentes. Holmes and MacLean (1971) reported 
that maximum daily faecal plasma losses in sheep infected with a single oral dose of 
300,000-900,000 O. circumcincta larvae were about 100 rn1 at 1-2 weeks after infection 
and then gradually returned to normal values at day 24. Plasma losses into the gut due 
to parasitism are nonselective with regard to molecular size (Barker, 1973). Therefore, 
copper in blood, either in caeruloplasmin or bound to albumin can leak from the 
circulation into the gastro-intestinal tract. Assuming a daily loss of 100 ml plasma 
which lasted for 2 weeks in this experiment, then the total amount of copper that could 
be transferred to the gastro-intestinal tract would be 1.4 mg. No data are available on 
reabsorption rate of endogenous plasma copper in ruminants. About 80-90 per cent of 
total plasma copper is in caeruloplasmin (Bingley, 1974) and the caeruloplasmin, an 
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0!2-globulin, very tightly binds 8 atoms of copper per molecule (Scheinberg and Morell, 
1957). Farr and Mistilis (1967), for example, reported that only 10 percent of 
caeruloplasmin copper was absorbed when it was introduced into the stomach in the rat. 
Binnerts (1978) also observed that caeruloplasmin did not compromise a major 
proportion of total endogenous fecal excretion and it was not reabsorbed once excreted 
into the alimentary tract. Much of the copper, therefore, which has leaked into the 
gastro-intestinal tract from plasma may not be reabsorbed. A similar poor reabsorption 
of haemorglobin-iron lost in haemonchosis has been reported in sheep, although extra 
endogenous N lost into the gastro-intestinal tract was largely reabsorbed and dietary 
iron was absorbed more efficiently in the parasitized animal than in non-infected animal 
(Abbott et al., 1986). 
On the other hand a major source of endogenous faecal loss of 67Cu in cows 
appears to be from the abomasum. Defatted mucus of the abomasal fundus has a high 
copper concentration, viz. 30 mg kg- 1 DM (Binnerts, 1978). An increased wet 
abomasal weight of infected lambs recorded in this study (Table 4.1) indicated mucosal 
damage due to infiltration with Ostertagia larvae which is a common feature in 
ostertagiasis (Armour et al., 1966; Coop et al., 1982; Wiggin and Gibbs, 1987; 
Anderson et ai., 1988). Therefore, considering these reports, abomasal cell sloughing 
may cause the extra endogenous copper losses besides being associated with plasma 
copper leakage into the gastro-intestinal tract. 
Another possibility is that a high level of circulating corticosteroids, as a result 
of infection, may increase biliary copper secretion (Mearrick and Mistilis, 1969). Caple 
and Heath (1978) reported that copper concentration in bile of sheep increased 
significantly after cortisol injection. Circulating corticosteroid levels have been shown 
to be increased in sheep infected with T. colubriformis (Prichard and Hennessy, 1974). 
Even if there are influences of this nature, which clearly need further proof, it is likely 
that these will be small since biliary copper excretion rate in sheep is considered to be 
very low. The mean daily copper secreted via bile is reported to be 0.133 mg (Brown, 
1967) and that of bile mixed with pancreatic juice is reported to be 0.24-0.39 mg (Grace 
and Gooden, 1980). This possibility, though perhaps unlikely, needs further testing. 
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The higher soluble copper concentration in abomasal contents of COWP treated 
animals may be expected to suppress worm burdens. The wonn burdens in animals 
from Group PI tended to be lower than in those from Group IN but the difference failed 
to reach statistical significance. The possibility that this did reflect anthelmintic activity 
is supported by the lower pepsinogen values in the PI compared to the IN group, though 
there was no evidence of reduction in abomasal pH. It is not known what concentration 
of soluble copper is required for anthelmintic activity and therefore whether it is 
legitimate to attribute these effects to anthelmintic properties. The lack of effect on 
abomasal pH may well reflect the time it takes for the development of differentiated 
parietal and chief cells, this being the mechanism by which Ostertagia change abomasal 
pH (Armour et ai., 1966; Ritchie et ai., 1966; Sykes and Coop, 1977; Wiggin and 
Gibbs, 1987). This process may well take longer than the repair of parietal cells 
responsible for pepsinogen leakage. Such a conclusion is supported by the work of 
Marriner et al. (1985) who have reported that pepsinogen values of infected sheep fell 
markedly within 24 h after anthelmintic treatment but abomasal pH returned to normal 
only after 8 days. Clearly, a more careful study is needed to assess the importance of 
COWP as an alternative anthelmintic effect as well as acting as a copper supplement in 
animals with normal abomasal pH. 
Table 4.1 Mean live weight growth during the 6 weeks of the trial and mean wet and dry liver and abomasal weights at slaughter of lambs 
infected (PI) or not infected (PO) with o. circumcincta and dosed with 5 g COWP and of control lambs not treated with COWP but 
infected (IN), not infected (CO) or infected but drenched with anthelmintic (ID) when Groups PI and PO were treated with COWP. 
Means are given with one standard error. 
Group Initial # Final $ Increment 
Liver weight 
wet weight % of BW 
Abomasum weight 
wet weight % of BW 
(Dry weight) 
CO 23.8±3.61 28.7±4.2S a* 4.9±O.82a S13.7±30.34a 1.6±O.OS 182.1 ±29 .46ab O.6±O.07a 
(161.4±7.67) (O.5±O.O2) 
PO 19.7±1.1O 24.2±O.79a 4.6±1.49a 421.1±18.58ab 1.7±O.O8 . a 139.8±4.19 O.6±O.Ola 
(13S.0± 18.58) (O.6±O.O3) 
PI 22.1±1.01 2S.2± 1.46ab 3.1±O.68ab 437.0±20.S4ab 1.8±O.OS 277.1 ± 1O.91c 1.1±O.OSc 
(131.7±7.54) (O.5±O.O2) 
IN 18.2±l.S6 20.6±2.38b 2.5±O.97b 366.S±3S.51c 1.6±O.O8 219.0±27.24b 1.1±O.04c 
(103.S ± 11. 69) (O.5±O.Ol) 
ID 22.7±2.72 26.8±2.67ab 4.2±O.57ab 414.4±31.24b 1.7±O.OS 216.0± 12.46b O.8±O.12b 
(130.4±9.84) (O.5±O.02) 
#, One day before commencement of infection. 
$, One day before slaughter. 
* Means with different superscripts within the same columns differ significantly (p<O.05). ~ ~ 
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Table 4.2 Recovery from the stomach of lambs infected (PI) or not infected (PO) 
with O. circumcincta of 5 g COWP three weeks after treatment. Means are 
given with one standard error. 
Reticulo-rumen Omasum-abomasum Total recovery % of dose 
PO 
0.47±0.264 1.56±0.543 2.0±0.29 40.4±5.83 
Percenta 
29.7±16.84 70.3±16.83 
PI 
0.41±0.182 + ** 3.58-0.234 4.0±0.15* 78.6±3.14* 
Percent 
10.1±4.43 89.8±4.45 
a, Percent of total recovered dose 
* P<O.05 of comparsion between groups PO and PI 
** P<O.OI of comparsion between groups PO and PI 
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Table 4.3 Mean liver copper concentration of lambs infected (PI) or not infected 
(PO) with o. circumcincta and dosed with 5 g COWP and of control 
lambs not treated with COWP but infected (IN), not infected (CO) or 
infected but dosed with anthelmintic (ill) when Groups PI and PO were 
treated with COWP. Means are given with one standard error. 
Group Increment 
PO 21D.6±12.26a 896.3±30.01 a*** ***685.7±26.81 } , 
PI 256.8±13.38a 597.9±65.81 b** ***341.1 ±66.43 
CO 161.3±42.48 b* 181.6±43.14c *20.3±5.90 
IN 245.0±19.56a 197.2±18.84c *-47.8 ± 14.04 
ID 269.1±23.82a 231.7±30.42c *-37.4± 11.48 
Significance of difference in initial and final copper concentration (superscript) and increment 
values (subscript) are given as follows: *p< 0.05, **p< 0.01, ***p< 0.001. 
#, Liver biopsy sample taken at day 12. 
$, Liver tissue taken at slaughter (day 38). 
~, Group PO differ significantly to Group PI at P<O.Ol. 
§, Group PO and PI differ significantly to Group CO, IN and ID at P<O.OOI. 
§ 
46 
Table 4.4 Mean plasma aspartate aminotransferase activity of lambs infected (PI) or 
not infected (PO) with O. circumcincta and dosed with 5 g COWP and of 
control lambs not treated with COWP but infected (IN), not infected (CO) 
or infected but dosed with anthelmintic (ill) when Groups PI and PO were 
treated with COWP. Means are given with one standard error (U r 1). 
Group 
co 
PO 
PI 
IN 
ID 
Initiala 
64.8±4.00 
66.8±3.84 
73.2±7.28 
68.3±4.50 
88.0±22.12 
80.7±9.7 
l1S.S±17.28 
101.3±8.91 
91.2±2.14 
162.S±67.3 
a, One day before copper oxide wire particle treatment (day 14). 
b, One day before slaughter (day 37). 
Table 4.5 Geometeric means (range) of worms recovered from lambs infected with O. circumcincta and dosed with 5 g COWP 
(PI), drenched with anthelmintic (ID) or maintained as controls (IN). 
Group Male Female L4 
IN 15,086 18,311 23,142 
(9,680-22,110) (12,650-27,720 (15,840-38,390) 
PI 8,566 12,580 18,691 
(1,870-25,630) (4,290-20,020) (9,790-30,470) 
ID 11,942 
(7,700-16,500) 
a, % of total larval dose given (Total worm/182,OOO) 
b, % of recovered larvae (L4/total worm) 
Total wonns % of total dosea %L4b 
56,939 31.2 40.6 
(38,170-80,470) 
42,790 23.5 43.7 
(27,720-82,740) 
11,942 6.5 
(7,700-16,500) 
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Fig. 4-1 Experimental design described in Chapter 4. 
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Fig. 4-2 Relationships between pH (top) and DM concentrations 
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of the sheep infected with a single oral dose of 70,000 
infective larvae of O. circumcincta. The data represents 
values observed 21 days after infection. 
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Fig. 4-4 Mean faecal OM concentration (top) and mean duodenal digesta 
DM concentration (bottom) of lambs infected (Pt) or not 
infected (PO) with O. circumcincto and treated with 5 g COWP 
and of control lambs not treated with COWP but infected (IN), 
not infected (CO) or infected but drenched with anthelmintic (10) 
when Groups PI and PO were treated with COWP. The arrow 
indicates the day of treatment and values are given with 
one standard error. 
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O. circumcincta and treated with 5 g COWP and of control lambs not treated with COWP 
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Groups PI and PO were treated with COWP. The arrow indicates the day of treatment and 
values are given with one standard error. 
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Fig. 4-9 The changes in soluble copper concentration and pH in the proximal duodenal digesta of individual 
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Plate 1 An illustration of cannulation materials described in Chapter 4. From top left 
'T' shaped duodenal plastic cannula (A), outside retaining ring (B), cray 
cramp to hold outside retaining ring to flank (C), abomasal rubber cannula 
(D) and cray cramp (E) to hold rubber barrel to flank. 
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Plate 2 An illustration of the right flank: of sheep fitted with two cannula used in the 
preliminary study described in Chapter 4. The position of the proximal 
duodenal cannua (A) exteriorized on the mid side approximately 2 cm caudal 
to last rib, and the abomasal cannula (B) exteriorized on the low flank: 3 cm 
from the last rib, are shown in the bottom plate. 
Plate 3 
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An illustration of copper oxide wire particles recovered from the reticulo-
rumen (left) and the abomasum (right) of lamb with normal abomasal pH 
(mean abomasal pH 2.5, No. 45) and of lambs infected with O. 
circumcincta with slightly elevated abomasal pH (mean pH 3.6, No. 42) or 
highly elevated abomasal pH (mean pH 5.0, No. 50). 
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CHAPTER 5 
EFFECT OF COPPER ON DEVELOPMENT OF LARVAE 
IN VITRO 
5.1 INTRODUCTION. 
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Infective larvae of the abomasal parasite's, H. contortus and O. circumcincta, 
commence to exsheath in the neutral environment of the rumen and migrate to the acid 
environment of the abomasum, whereas larvae of the intestinal worm, T. colubrijormis, 
commence to exsheath in the acid environment of the abomasum and migrate to the 
neutral environment of the small intestine (Sommerville, 1957; Rogers and 
Sommerville, 1960). 
Previous experiments (Chapter 4) showed considerably higher soluble copper 
concentrations in the abomasal digesta of animals treated with copper oxide wire 
particles (COWP) as a result of the continual release of copper from COWP in the acid 
portion of the abomasum. 
Little attention has been paid to the effect of soluble copper on the development 
of gastro-intestinal nematodes, although Whitlock (1940) reported that cupric salts were 
effective against Strongylus vulgaris in vitro, but not in vivo, since copper exerts 
anthelmintic activity only in an acidic environment which could not be expected in that 
parasitic habitat per se. It can, therefore, be expected that a high soluble copper 
concentration in the acid portion of the gastro-intestinal tract will have a significant 
effect on parasitic habitat in that region. 
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Therefore, the objective of this in vitro experiment was to investigate the effects 
of soluble copper on the exsheathment and mortality of 3rd-stage and 4rd-stage larvae 
and adult worms of T. colubriformis in order to assess the possible anthelmintic effect 
ofCOWP. 
5.2 MATERIALS AND METHODS. 
5.2.1 Culture media. 
A 0.15 M saline solution was used for the mortality test on the 3rd-stage larvae. 
Exsheathment was carried out using Mapes Solution II which is similar to the abomasal 
electrolyte concentration (Mapes, 1969). The medium used was made up as follows: 
Na+ 55; K+ 20; Ca2+ 2; Mg2+ 1; cr 140 mequiv 1-1. Tyrode's solution was used for 
collection and cleaning of adult worms (Bone and Bottjer, 1984). Medium-199 (M-
199) (Gibco Laboratory, New York) which had supplemented with Hank's salts and L-
glutamine but not NaHC03 was used for the culture of adult worms and ex sheathed 4th-
stage larvae as described by Rapson et al. (1985). Aliquots of heat inactivated newborn 
calf serum (Gibco NZ. Ltd) were added to M-199 to give a 15 % solution (designated as 
M-199S). The following antibiotics and antimycotics were added to the Tyrode's 
solution and M-199S: 1,000 unit of sodium penicillin (Sigma, USA), 1 mg of 
streptomycin sulphate (Sigma, USA) and 10 J.Lg of amphotericin (Squibb, England) per 
ml of solution. Cultures were carried out in 80 ml culture tubes (30 x 120 mm) screw 
capped with rubber liners. All the tubes and solutions were maintained under sterile 
conditions. The pH of 0.15 M saline for exsheathment was adjusted to 5 and that of M-
1995 for 4th-stage larvae was adjusted to 2, 3 and 5, and, for adult worms to 5 using 1 
MHCl. 
5.2.2 Preparation of worms for culture. 
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Three parasite-free 12 week-old Romney male lambs were infected with a single 
oral dose of 20,000 T. colubriformis larvae to provide eggs and adult worms. 
Third-stage larvae were obtained from faecal cultures by the method described 
by Ciordia et al. (1966). They were kept at 4 0 C for 3-5 weeks until used. Fourth-
stage larvae were exsheathed in Mapes solution II under 20% CO2-air phase as 
described by Mapes (1972). The solution was incubated for 2 h at 38 0 C in an 80 ml 
culture tube. 
Adult worms were collected post-mortem, 9 weeks after infection. Animals 
were killed, the small intestines removed, opened longitudinally, and soaked in a 2 I 
plastic beaker containing Tyrode's solution at 38 0 C. After 3 h incubation, worms that 
had settled to the bottom of beaker were collected into a centrifuge tube and washed by 
centrifugation at 200 g for 2 min to separate worms from host ingesta (Nelson and 
Douvres, 1984). 
5.2.3 Procedures and interpretation for testing. 
5.2.3.1 Effect of copper on 3rd and 4th-stage larvae. Third-stage larvae were 
cleaned by centrifugation at 100 g for 15 min with 0.15 M NaCI, collected from the 
bottom of the tube and resuspended in 0.15 M NaCI to give a suspension of 
approximately 5,000 larvae ml-I . One ml of larval suspension was transferred to a 
culture tube containing 8 ml of 0.15 M NaCI, adjusted to pH 5 and 1 ml of adequately 
diluted copper solution (derived from laboratory grade copper oxide wire) was added to 
give a final concentration of 0,0.1, 1, 10, 100 and 1,000 fJg Cu ml-I . Five replicates 
were conducted for each copper concentration. After 24 h incubation at 38 0 C, at least 
120 larvae from each tube were examined at 20 X magnification using a stereoscopic 
microscope to assess the effect of copper on the 3rd-stage larvae. About 20 larvae on a 
slide were suitable to examine appearance. Larvae that were non-motile and flat were 
considered dead. Exsheathment was carried out in Mapes solution II containing various 
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copper concentrations, viz. 0, 0.1, 1, 10, 100 J.Lg ml- l at each of the pHs - 2, 3 and 5. 
After 2 h incubation at 38 0 C, 0.5 ml of larval suspension from each tube was stained 
with Lugol's iodine and examined microscopicillly. Larvae that had emerged even 
partly from their sheaths were considered as exsheathed. 
5.2.3.2 Effect of copper on 4th-stage larvae and adult worms. Larvae from the 
ex sheathing tubes with a copper concentration and at pH 2 were cleaned 3 times with 
sterile Tyrode's solution by centrifugation at 100 g for 15 min, resuspended in M-199 
medium to give a suspension of approximately 3,000 larvae ml- l and 1 ml was 
transferred to culture tubes containing 9 ml of M -199S medium. Copper concentration 
in the solution/suspension and pH were those described above in the exsheathment 
procedures. Aliquots of culture (0.5 ml) were taken every 24 h for 5 days by syringe to 
examine mortality. At least 100 4th-stage larvae were examined. The 3rd-stage or 
partially exsheathed larvae mixed with 4th-stage larvae were excluded from counting. 
Five replicates were conducted at each copper level. 
Actively motile adult worms, two male and two female, were transferred to a 5 
ml plastic container containing 4 ml of M-199S medium at pH 5 with varying copper 
concentrations, viz. 0, 0.1,1,10 and 100 ml- l ., The tubes were tightly sealed with 
parafilm, capped and incubated in darkness for 3 days. Twelve replicates were used for 
each copper solution. All the worms were examined microscopically at 10 x 
magnification every 24 h. This low magnification enabled visualization of the tube in 
its entirety. Non-motile and extended worms were considered dead. All the tests and 
worm handling were conducted at 38 0 C ± 1 0 C. 
5.3 RESULTS. 
At the beginning of the experiment it was found that copper started to 
precipitate when the pH of the solution/suspension exceeded 5.5, therefore the pH was 
maintained under 5. 
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The effect of copper derived from COWP on the third and fourth stage larvae 
and adult worms of T. colubriformis is given in Table 5.1. The third stage larvae were 
not influenced by copper until copper concentration exceed 1,000 pg ml-1 after 24 h 
incubation. All live larvae were normal in appearance and their motility was vigorous. 
About half of the 3rd stage larvae moulted to 4th-stage larvae after 2 h 
incubation at pH 2 (Fig. 5-1). The exsheathment rate was significantly lower at pH 3 
compared with pH 2 and very few larvae exsheathed at pH 5. Copper did not produce 
any significant effect on exsheathment but at pH 5 exsheathment rate was significantly 
increased at copper concentration of 100 pg ml-1 (P<O.OOl). All the exsheathed larvae 
were normal in appearance and their activity was vigorous. The mortality of 4th-stage 
larvae 24 h after incubation was not influenced by copper at pH 2 and 3 but at pH 5 
copper had a significant effect on mortality when its concentration exceeded 1,000 pg 
ml-1 (Fig. 5-1). However, the motility of exsheathed 4th-stage larvae was sluggish 48 h 
after incubation and 55 % were dead regardless of copper concentration. A further 
decrease in motility to 70 % was observed after 72 h incubation. Very few larvae were 
motile after 96 h incubation. 
More than half of the adult worms were dead and the remaining worms were 
also sluggish 24 h after incubation regardless of copper concentration (Table 5.1). Very 
few surviving worms were observed after 72 h incubation, however, these were stunted 
and appeared to be slowly dying. 
5.4 DISCUSSION. 
Third and fourth-stage larvae were clearly highly tolerant of copper, particularly 
3rd-stage larvae which were only affected by copper concentrations which exceeded 
1,000 /.Lg ml- l . The normal copper concentration in the rumen is less than 10 mg kg- l 
DM (Bremner, 1970) or 1 pg ml-1 whole digesta (Price and Chester, 1985). 
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Furthermore, the 3rd stage larvae are non-feeding and thus, only soluble copper is likely 
to affect their activity. Moreover, extremely low.levels of copper remain in the soluble 
fraction of the rumen contents, viz. 10% of total copper (Price and Chester,1985), 40% 
of rumen liquor copper (Mills,1958) or 8% of total rumen copper (Allen and 
Gawthorne, 1987). An effect of copper on the third stage larvae of T. colubriformis 
could not, therefore, be expected in the rumen. 
The normal copper concentration of the abomasum is very low, with the normal 
range being 10 mg kg- l DM or 0.5 Ilg ml-l of whole digesta, and soluble copper 
concentration is 8 % of the total copper (Bremner, 1970). The mean soluble copper 
concentration in the proximal duodenal digesta was around 0.05 Ilg g-l digesta. Even in 
lambs treated with 5 g COWP (Chapter 4) the highest soluble copper concentration 
observed in the proximal duodenal digesta was 0.6 Ilg g-l digesta but still too low to 
influence exsheathment and mortality. It is, therefore, conceivable that copper has no 
effect whatsoever on the 3rd or 4th-stage larvae per se. Theoretically, however, 
motility alone may not indicate all anthelmintic activity. Chronic major effects, 
however, would generally result in motility changes, as is the case with all known 
anthelmintics. 
The results of these experiments suggest that copper has a stimulating effect on 
exsheathment of T. colubriformis particularly in pH 5 at the concentration of 100 Ilg 
ml-l . Although such the high copper level can not be expected in normal animals, it is 
very difficult to explain such a high exsheathing rate. Petronijevic et al. (1986) have 
argued that such stimuli can activate the endocrine system of larvae, which results in the 
release of exsheathing fluid. Whether high concentrations of copper stimulate the 
endocrine system or directly activate exsheathing fluid is not known. The stimulating 
effect of copper on exsheathmerit is likely to be 'of secondary importance because the 
cuticle of the 3rd stage larvae has a low permeability to ions (Marks et al., 1968). 
Gordon (1939b) recommended a large dose of copper, ie. 60 ml of a 4 % copper 
solution, to achieve high anthelmintic efficiency in adult sheep. If this high 
concentration of copper, which is an overdose of the single oral toxic level of 20-110 
mg per kg body weight (Bartik and Piskac, 1981), is given to sheep and assuming all 
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the dose bypasses the rumen to the abomasum, that abomasal volume is 500 ml and that 
10 percent is soluble, then copper levels of 4,480 J.Lg ml-1 of whole digesta or 448 J.Lg 
ml-1 of soluble copper concentration could be maintained for half an hour since 
retention time of abomasal digesta is known to be half an hour (Hyden, 1961; Grovum 
and Williams, 1973). However, this is still too Iowa level to affect 3rd or 4th-stage 
larvae and indeed Gordon (1939a) reported no significant effect of copper sulphate on 
immature H. contortus. Thus copper is of little value against larvae of T. 
colubriformis. 
Unfortunately, estimation of the long term effect of copper on adult worms 
could not be carried out due to technical problems in maintaining normal worms in 
vitro. The maximum survival time of 4th-stage larvae was 5 days but all showed 
decreased body length and died slowly, and most of the adult worms died within 48 
hours. Support for these results can be derived from the fact that adult worms 
recovered directly from the host gradually died within 3 days (R.L. Coop, personal 
communication). Several in vitro cultures of T. colubriformis have been plotted; 4-9 % 
of 4th-stage larvae developed to young adults in defined RPMI-1640 medium 7 days 
after incubation (Nelson and Douvres, 1984) and 70 % of forth-stage larvae moulted to 
young adult adults in complex NBS media and about 50 % in M-199S medium during 
an 8 days incubation study (Rapson et al. 1985). Those cultivation used in vivo-grown 
4th-stage larvae. So far no technique appears to have been developed for culturing in 
vivo-grown adult worms for an extended period, although Bone and Bottjer (1984) and 
Bottjer and Bone (1985) have used in vivo-grown T. colubriformis in simple salt 
solutions for 1 h to assess oviposition. Bottjer and Bone (1986) suggested that many 
defined media currently used for the cultivation of nematodes may have little effect on 
feeding. It is probable that copper may only affect adult worms and hence, an in vivo 
study may be the only realistic approach to investigating the possible anthelmintic 
effect of COWP on gastro-intestinal nematode development. On the other hand, this 
study involved only T. colubriformis. It may well be that the abomasal nematode 
species, for example H. contortus, is more susceptible to copper. Therefore, an in vivo 
study involving the major gastro-intestinal nematodes seems necessary. 
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Table 5.1 Effect of copper on the mortality of 3rd-stage, 4th-stage and adult worms 
of T. colubriformis after 24 h incubation. Means are given with one 
standard error (%). 
3rd-stage larvaea 
0 25 ± 4.53 
0.1 20 ± 3.86 
1 24 ± 4.37 
10 25 ± 2.32 
100 29 ± 4.92 
1,000 52 ± 4.39 * 
a, Incubated in 0.15 M saline at pH 5 
b, Incubated in M199S at pH 5 
4th-stage larvaeb 
10.6 ± 4.44 
9.7 ± 3.35 
8.9 ± 5.22 
11.7 ± 3.84 
18.2 ± 5.53 
77.3 ±19.84 *' 
* , Significantly different within same column (P<0.05). 
44.6 ± 17.29 
60.3 ± 19.84 
64.6 ± 22.53 
49.4 ± 18.75 
58.7 ± 16.36 
68.8 ± 20.42 
90 . pH2 
o - - - - - - pH 3 
80. pH 5 
~ 70 
........... 
Q) 
15 eo 
L. 
Ol 
C 50 
:.c 
t/) 
~ .a 
..c: 
t/) 
X JO W 
20 
10 
100 
90 
eo 
70 
.......... 
~60 
~ 
+' 
15 50 
+' 
L. 
o .a 
:::E 
30 
20 
10 
0 
Fig. 5-1 
Control 
I 
CD 
~ ----~--------~------r .---- Y 
• 
• pH 2 0------ pH 3 
• pH 5 
Control 
I 
Effect of copper on exsheathment of T. colubriformis 
3rd-stage larvae (top) and the mortality of 4th-stage 
larvae (bottom). Exsheathment was conducted in 20" 
CO2-air phase for 2 h and the mortality test 
was conducted in M-199S for 24 h. 
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CHAPTER 6 
EFFECT OF COPPER OXIDE WIRE PARTICLE 
TREATMENT ON ESTABLISHMENT OF MAJOR 
GASTRO-INTESTINAL NEMATODES IN SHEEP 
6.1 INTRODUCTION. 
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In the experiment described in Chapter 4 it was suggested that copper oxide 
wire particles (COWP) with no recorded anthelmintic properties could reduce worm 
burdens if abomasal pH allowed release of copper from COWP lodged in the acid 
portion of this organ since high soluble copper concentrations could be maintained in 
animals with normal abomasal pH. Such a premise is highly possible since copper 
sulphate was effective in sheep in the control of adult Haemonchus contortus if it was 
introduced directly into the abomasum (Gordon, 1939b), and dosing with copper 
sulphate has been shown to reduce fecal egg output (Todd et al. 1972; Llewelyn, 1984). 
However, in vitro experiments described in Chapter 5 have demonstrated that 
the 3rd and 4th-stage larvae of T. colubriformis are not affected by copper and failed to 
demonstrate any significant effect of copper on adult worms of T. colubrijormis due to 
technical problems in maintaining adult worms. 
This study, therefore, was designed to investigate direct anthelmintic effects of 
COWP on the development of three major gastro-intestinal nematodes in young lambs. 
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6.2 MATERIALS AND METHODS. 
6.2.1 Experimental design. 
Eighty four lO-week old female lambs (Coopworth x Dorset Down) were used. 
They were abruptly weaned at 9 weeks of age and maintained on pasture as a single 
flock. The pasture was of mixed perennial ryegrass/white clover (Lolium 
perennelTrifolium repens) which had previously been grazed by deer which had been 
treated regularly with anthelmintic. The area was divided into 4 paddocks (A, B, C and 
D). To minimize auto-contamination the lambs were transferred to new paddocks every 
10 days. Pasture larval counts were performed to ascertain pasture contamination. The 
animals were randomly allocated to 4 groups of 21 animals to provide uniformity of 
body weight, of which three groups would subsequently be infected with one of the 
following 3rd-stage larvae divided into 3 doses on days 0, 3 and 6: 20,000 
Trichostrongylus colubriformis (T), 20,000 Ostertagia circumcincta (0) or 3,000 
Haemonchus contortus (H). One group acted as not infected controls (C). All animals 
were drenched with ivermectin (Ivomec, Merk, Sharp and Dohme NZ, Ltd.)) at a dose 
rate of 250 mg kg-1 LW 8 days before the commencement of infection. Five days 
before commencement of infection (three days after anthelmintic treatment) 11 animals 
from each group were treated with 5 g of uniform sized COWP (P), 3 to 4 mm long and 
0.6 mm diameter with a specific gravity of 6.2 and containing 81 % of copper, thus 
providing 8 groups, viz. treated with COWP (PT) or not treated (CT) followed by 
infection with T. colubriformis ; treated with COWP (PO) or not treated (CO) followed 
by infection with O. circumcincta ; treated with COWP (PH) or not treated (CH) 
followed by infection with H. contortus ; treated with COWP (PC) or not treated (CC) 
without parasite infection. Live weight was recorded between 10-11 am once each 
week using a load cell animal balance (W ARP 4; Wormald Vigilant Ltd, NZ) and blood 
samples were taken once a week for the first 2 weeks and thereafter every four days. 
All animals were slaughtered on days 28 and 29 (21 and 22 days after the last infection) 
to recover worms and COWP. The experimental design is summarized in Fig. 6-1. 
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6.2.2 Sampling and infection procedures. 
Blood sampling and parasite larval culture and dosing were similar to those 
described in Chapter 4 (4.2.2.2) except that these H. contortus larvae were obtained 
from goats. The infective larvae of T. colubriformis had been stored at 4 0 C for 9 
weeks and that of H. contortus for 2 weeks but prior to infection the doses were kept at 
room temperature overnight. The infective larvae of O. circumcincta were freshly 
harvested from cultures 2 days prior to infection. 
The paddock to be sampled was traversed in a zigzag manner to collect herbage 
samples from several places by the method of Taylor (1939). The collections 
(approximately 200 g) were bulked, weighed, and placed in a large bucket of tap water 
(approximately 10 1) overnight to extract larvae (Vlassof, 1973). The larvae were then 
cleaned with a Baerman apparatus. The number of larvae were expressed as larvae kg-1 
fresh herbage. 
6.2.3 Post-mortem procedures. 
All animals were slaughtered on days 28 and 29 by the method described in 
Chapter 4 (4.2.2.3). 
6.2.3.1 Liver tissue. The entire liver was separated from the carcass, the gall bladder 
removed, and then weighed and two samples of approximately 1 g were taken from the 
visceral lobe into pre-weighed 20 ml digestion vials. 
6.2.3.2 Abomasal pH. Immediately after the abomasum was secured (just before 
parasite recovery) approximately 50 ml of digesta from the pyloric area was collected 
into a plastic container, and the pH measured as described in Chapter 3 (3.2). The 
remaining digesta collected was used for the determination of soluble copper 
concentration. 
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6.2.3.3 Parasite recovery. Immediately after securing the gut from the carcass, 
ligatures were applied to the omaso-abomasal orifice and the pylorus in order to 
separate the abomasum. The small intestine was divided into 4 segments by ligatures at 
several places, viz. at the bile duct opening (S-I), at 2 m distal to the bile duct opening 
(S-2), at 4 m distal to bile duct opening (S-3), and at the terminal ileum (S-4). The 
method of abomasal worm recovery was as described in Chapter 4 (4.2.2.3). The small 
intestinal contents and washings of each segment were collected into separate 200 ml 
plastic containers and preserved in 10 percent formalin, and the empty small intestinal 
tract was then opened longitudinally, transferred into 1.5 I plastic jar containing warm 
0.15 M saline and incubated for 24 h at 38 0 C with occasional vigorous mixing. After 
incubation the gut was thoroughly washed with hot tap water and worms in suspension 
and washings were secured over a 45 ~m sieve, collected and then preserved in 10 % 
formalin. The parasites were identified and counted using a stereoscopic microscope. 
6.2.3.4 Recovery of copper oxide wire particles. All stomach compartments, except 
for the abomasum, were removed from the carcass, opened and the internal surface 
thoroughly washed with running water which was then mixed with the digesta. Digesta 
was broken up by hand under the water to release the COWP. The method of 
separating COWP from sand and cleaning were as described in Chapter 4 (4.2.2.3.2). 
The abomasa of lambs from the COWP treated groups were subjected to COWP 
recovery after parasite recovery. The recovery of COWP from these animals was 
simple, since COWP settled in the bottom of a beaker containing abomasal digesta and 
washings after worm recovery. 
6.2.4 Analytical method. 
6.2.4.1 Blood parameters. Analysis of plasma copper concentration, caeruloplasmin 
levels, pepsinogen concentration and AST activity was carried out as described in 
Chapter 4 (4.2.2.4.2). All blood parameters were determined within 2 weeks after 
collection. 
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6.2.4.2 Soluble copper concentration in abomasal digesta. Approximately 50 ml of 
abomasal digesta, after determination of abomasal pH, was weighed and centrifuged at 
30,000 g for 1 h at 4 0 C. The supernatant was collected, weighed and directly aspirated 
to an atomic absorption spectrophotometer as described in Chapter 4 (4.2.2.4.1). The 
soluble copper concentration was expressed as /lg g-l digesta. 
6.2.4.3 Liver copper concentration. Liver tissue was freeze dried, weighed and 
digested with 4 ml of a 3:1 mixture of nitric acid (70%) and perchloric acid (60%), and 
copper concentration determined by atomic absorption spectrophotometer (MAFF, 
1986). Total liver copper content was calculated on the basis of total liver dry weight 
and liver copper concentration in DM as described in Chapter 4 (4.2.2.4.3). 
6.2.5 Statistical method. 
Data manipulation and statistical analyses were performed as described in 
Chapter 4 except that worm counts were transformed to the logarithm of (count+ 1) and 
comparison made between the geometric means of the control (C) and treated groups 
(P) by a t-test using SAS software package (Release 5.16; Cary, N.C., USA). P values 
<0.05 were considered significant. Means are given with one standard error. 
6.3 RESULTS. 
Pasture larval counts were 951, 0, 195 and 0 larvae kg-1 fresh herbage for 
paddocks A, B, C and D, respectively. Of the larvae recovered from paddock A and C 
98 % were Trichostrongylus spp. and the remaining 2 % were Ostertagia spp. 
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6.3.1 Clinical observations. 
N one of the animals showed clinical symptoms of parasitism, although soft 
faeces from some of the infected animals were observed for 1-2 days on some 
occasions. One animal in Group PI died due to an accident on day 3 and one animal in 
Group PC died due to enterotoxaemia on day 22. All data from those animal were, 
therefore, excluded. 
6.3.1.1 Live weight gain. The mean cumulative live weight gains during the 
experiment are shown in Fig. 6-2. Animals treated with COWP had similar live weight 
gain to their non-treated counterparts. However, there was a significant difference 
between the animals infected with H. contortus and not treated COWP (Group CH) and 
the animals from the control group not treated with COWP (Group CC) at week 4 
(P<O.OS). The average daily rates of gain were 221±13.7, 21S±22.9, 18S±20.0, 
161±17.4 g d- l for CC, CT, CO and CH groups, respectively and 222±16.2, 213±8.4, 
191±17.7 and 189±12.9 g d- l for PC, PT, PO and PH, respectively. 
6.3.1.2 Blood parameters. There were no significant differences in the mean plasma 
copper and mean plasma caeruloplasmin concentrations between the COWP treated 
groups and their not treated counterparts (Fig. 6-3), and no significant effects of 
infection. The mean plasma copper concentration was maintained between 0.74-1.09 
IJ.g mt l and thatof caeruloplasmin activities between M 0.31-0.48. The mean plasma 
pepsinogen concentrations of sheep infected with O. circumcincta, Groups CO and PO, 
started to increase 2 weeks after infection (Fig. 6-4). The mean pepsinogen 
concentration of Group CO was significantly higher than those of CT and CC groups 
from week 3 (P<O.OS). However, the increase of plasma pepsinogen concentration in 
Group PO was not significantly different to those of Group PT and PC throughout the 
experiment. There were no significant differences between COWP treated groups and 
not treated counterparts. 
In all groups the plasma AST activity of final samples were slightly increased 
(Table 6.1) compared with those of intial samples. However, there was no significant 
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effect of either infection or COWP treatment on plasma AST activity. Plasma AST 
activity was markedly elevated in one animal from Group PO, which showed serious 
footrot, to 353 U 1-1 two weeks after commencement of infection. The mean AST 
activity in final samples of control animals not treated with COWP was 87 (±3.3) U t 1• 
6.3.2 Post-mortem findings. 
The mean pH of abomasal digesta is given in Table 6.2. The mean pH of 
abomasal digesta of animals infected with O. circumcincta but without COWP (Group 
CO) was significantly higher than that of their counterparts (PO) and that of the groups 
not treated with COWP (Groups CC, CT and CH) (P<O.05). No significant differences 
were observed within the COWP treated groups. 
The amount of COWP recovered from the abomasum was 1.05±O.213, 
1.33±0.374, O.98±O.175 and 1.04±O.195 g for groups PC, PT, PO and PH, respectively, 
and there was no significant difference between groups (Table 6.2). Very few particles 
were observed in the reticulo-rumen. 
Soluble copper concentration in the abomasal digesta of animals from COWP-
treated groups (Table 6-2) was on average 4 times higher than that from non-treated 
groups, and this difference was significant (P<O.Ol). There were no significant 
differences in abomasal soluble copper concentrations within COWP-treated groups. 
Liver copper concentration and total liver copper content at slaughter are shown 
in Fig. 6-5. A significant treatment effect was observed. There were no differences in 
liver copper concentration and total liver copper content between COWP treated 
groups. In not treated groups, animals infected with T. colubrijormis (Group CT) 
showed significantly lower copper concentration' compared with animals infected with 
O. circumcincta (Group CO) (P<O.05). However, there were no differences in total 
liver copper content between these non-treated groups. Total liver copper content in 
COWP treated groups was 128±6.3, 135±lOA, 146±11.5 and 147±11.1 for PC, PT, PO 
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and PH, respectively, and the values in non-treated groups were 19.6± 1.94, 16.2±2.47, 
19.3±1.66 and 16.5±1.83 for CC, CT, CO and CH, respectively. The availability of 
COWP during the 35 days, calculated by subtracting mean total liver copper content of 
the not treated groups from that of their COWP treated counterparts, the difference 
being expressed as a percentage of the dose, was 2.03, 2.24, 2.17 and 2.03 % for 
Groups PC, PT, PO and PH, respectively. 
6.3.3 Parasite recovery. 
The geometric mean number of worms recovered from the abomasum and the 
efficacy of COWP are given in Table 6.3. A significant reduction (P<O.01), on average 
96 %, occurred in the total number of H. contortus recovered from animals in Group 
PH compared to their COWP non-treated counterpart was observed. Animals from 
Group PO had significantly (P<0.05) lower numbers of O. circumcincta than did the 
Group CO. However, there was no significant difference in the number of T. 
colubriformis between COWP treated (PT) and the non-treated group (CT) (Table 6.4). 
The pattern of distribution of T.colubriformis in the small intestine was not influenced 
by the particles. However, COWP treated lambs (Group PT) showed a low proportion 
of worms recovered in S-l (from pylorus to bile duct opening). Very few 4th-stage 
larvae were recovered from the abomasum and small intestine in all groups. The sex 
ratio (M/F) of H. contortus was 0.93 and 0.98 for the Group PH and CH, respectively, 
and those of O. circumcincta were 1.3 and 1.0 for Groups PO and CO and those of T. 
colubriformis were 0.75 and 0.78 for Groups PT and CT, respectively. Very few 
worms were observed in the control groups except for two animals, one from Group CC 
which harboured 958 worms and one from Group PC which harboured 1139 worms. 
Most of these were T. colubriformis followed in order of abundance by O. 
circumcincta, T. axei and Nematodirus spp. 
83 
6.4 DISCUSSION. 
The results of these experiments clearly show that high soluble copper 
concentrations, resulting from COWP treatment, have anthelmintic effects against some 
abomasal nematodes. The effects varied between parasites, viz. highly effective against 
H. contortus (96% efficacy), and much less effective against O. circumcincta (56% 
efficacy). No effect was recorded against the intestinal parasite, T. colubriformis. 
The soluble copper concentration of abomasal digesta in animals treated with 
COWP at slaughter was 4 times higher than that of COWP non-treated animals, viz. 
range of 0.12-0.19 and 0.04-0.05 p,g ml-1 for COWP treated and not treated groups, 
respectively. The average copper concentration of normal diets ranges from 5 to 20 mg 
kg-1 DM. If the soluble copper concentration of abomasal digesta is linearly related to 
dietary copper, then dietary copper concentration of 20-80 mg kg-1 DM could be 
necessary to influence parasite establishment in the abomasum. However, no data are 
available with regard to the relationship between soluble copper concentration in 
abomasal digesta and dietary copper concentration. Purser et ai. (1981) reported that 
copper flow from the abomasum did not increase until dietary copper concentration 
increased from 3.2 to 16 mg kg-1 and this only resulted in a two fold increase in 
abomasal copper flow. Therefore, copper concentration in abomasal digesta is unlikely 
to be linearly related to dietary copper. Furthermore maintaining high dietary copper 
concentration for extended periods may result in copper poisoning since dietary copper 
concentration of only 20 mg kg-1 DM is a chronic toxic dose for sheep (Woolliams et 
ai., 1982). Therefore, such anthelmintic effects can not be expected from conventional 
copper supplementation, nor could variation in the normal range of dietary copper be 
expected to contribute to variations in parasite establishment. 
The efficacy of orally administered copper sulphate, which has long been used 
for the control of gastro-intestinal nematodes in ruminants, has been erratic. Hall and 
Foster (1918) reported that no anthelmintic effect was exhibited when 5 g copper 
sulphate was administered in capsules. Gordon (1939b) also reported that in about 12% 
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of animals treated with copper sulphate it was unsuccessful because the drug failed to 
bypass the rumen to the abomasum. Unlike orally drenched copper sulphate, COWP 
passed directly to the abomasum after being introduced to the rumen and release free 
copper. More consistent anthelmintic activity can, therefore, be expected with COWP 
than with copper sulphate. 
How copper is absorbed by gastro-intestinal nematodes and how copper exerts 
anthelmintic activity mainly in the abomasum has not been investigated. 
Chemically copper is easily ionized in acid solution and is easily bound to 
protein. It is most likely that free copper liberated from the acid portion of abomasum 
is lethal to parasites. 
As described in Chapter 5, 3rd and 4th-stage larvae of T. colubriformis are very 
highly tolerant of copper; 1,000 ",g ml-l was required to affect larvae. It is impossible 
to maintain such high copper concentrations in the gastro-intestinal tract. The highest 
abomasal soluble copper concentration observed from COWP treated animals in 
Chapter 4 was 0.8 ",g ml-l. It is perhaps not surprising, therefore, that no effect on T. 
colubriformis was observed, confirming in vitro findings. 
The gut of the pig round worm, Ascaris suum, contains a very high level of 
copper (138 ",g g-l DM) compared with the cuticle (46 ",g g-l DM) (Ince, 1976), 
suggesting that copper could be absorbed from the gut. However, pig round worms are 
not affected by copper since they develop well in the host fed very high levels of 
copper, viz. 250 mg copper kg- l feed (Southern and Stewart, 1984). The cattle 
abomasal worms, H. placei and O. ostertagi contain more copper than intestinal 
worms, ie. Bunostomum phlebotomum, Oesophagostomum radiatum and Nematodirus 
spp. (Bremner, 1961). Bremner suggested that soluble copper can penetrate the cuticle 
of the helminth. If so, sensitivity to copper could be dependent on the permeability of 
the cuticle. Copper salts are still frequently used for the control of Moniezia spp. in 
sheep (Zielinoski, 1973; Mustafin and Deozinov, 1981; Kiselev et al., 1982; 
Utepbergenov, 1984). Unlike nematodes, however, cestodes have no gut. Therefore, in 
the absence of a gut, they absorb food through the cuticle (Soulsby, 1982; Urquhart et 
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al., 1987). It is, therefore, plausible that soluble copper may be easily absorbed in the 
Moniezia spp. and thereby exert anthelmintic effect on this species. As such, it is 
possible that differences in the susceptibility to copper between H. contortus and O. 
circumcincta, though they have the same habitat, might be attributed to structural 
differences in the cuticle. One might argue that the blood sucking habit of H. contortus 
contributes to the high susceptibility to copper in this species. It seems unlikely that 
blood sucking activities of H. contortus would have exposed it to greater copper intake, 
since plasma copper was not affected by COWP treatment. Moreover, there is no 
evidence that' another blood sucking hook worm, B. phlebotomum, is susceptible to 
copper. However, the probabilities that the finding of different susceptibility to copper 
oxide wire particles between H. contortus and O. circumcincta in this study is a true 
one is supported by the fact that sheep which had been regularly treated with copper 
sulphate for the removal of stomach worms yielded an almost pure culture of O. 
circumcincta (Threlkeld, 1934). 
The upper part of the small intestine, notably the duodenum proximal to bile 
duct opening, is an acid region. Therefore, anthelmintic effects due to COWP treatment 
in this upper part of the small intestine, the proximal duodenum, might be expected. 
However, most T. colubrijormis were recovered from anterior part of small intestine, 
from the bile duct opening and 4 m distal, and few worms were observed in the 
duodenum. Therefore, this hypothesis could not be proved since the upper part of the 
duodenum was not the preferred site for this parasite. 
Most of the worms recovered from all parasitized animals were adult worms; 
very few larvae were observed; and there were no differences between COWP treated 
and not treated counterparts. Worm establishment rate in this study was 39.2, 26.1 and 
49.7 % for H. contortus, O. circumcincta and T. colubrijormis, respectively. Several 
factors are reported to be involved in parasite establishment, such as age, plane of 
nutrition, dose of larvae, age of infection and breed of animal. Direct comparisons with 
other work is, therefore, difficult. However, taking into account the age of animals and 
the duration of infection, the establishment rate for H. contortus was similar to the 
40-50 % recovery rate of Barger and Jambre (1988) and higher than 33 % of Tuner et 
al. (1962) and 22 % of Dash (1985), while that of O. circumcincta was higher than the 
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16 % of Tuner et al. (1962) and the 3-12 % of Armour et al. (1966) but lower than the 
60 % of Dash (1985) and that ofT. colubrijormis is similar to the 21- 60 % of Horak et 
al. (1968) and 41-63 % of Barker (1973). It is plausible that the high parasite 
establishment rate in this experiment resulted, not only from the fresh and actively 
motile infective larvae, but also from the use of relatively young animals. To minimize 
the immune interference in parasite development, animals were abruptly weaned and 
were 12 weeks of age when infected. It is known that sheep start to develop immunity 
against gastro-intestinal nematodes when they are 30 weeks old (Manton et al., 1962; 
Gibson and Parefitt, 1972, 1973). 
Pasture larval counts revealed that one of the paddocks (paddock A) was 
contaminated with 951 larvae kg-1 fresh herbage, which exceeded the safety margin of 
200 larvae kg-1 fresh herbage (McAnulty et at., 1982). However, this contamination 
was not significant since animals were maintained on that paddock for only 10 days and 
very few worms were recovered form non-infected control animals in either COWP 
treated or non-treated group. 
One might argue that administration of 5 g COWP to young animals such as 
these would result in copper toxicosis. However, no ill-effect, viz. live weight change 
or blood AST activity increase, was observed when animals were treated with 5 g of 
COWP even though some liver copper concentrations were more than 1,000 mg kg-1 
DM. This is consistent with the report of Judson et al. (1982a) who observed liver 
copper concentrations of 1,270 - 1651 mg kg-1 DM in sheep treated with 10-20 g 
COWP without ill-effect. Langlands et al. (1983) observed that plasma AST activity 
did not increase until a large dose of 32 g (approximately 0.8 g kg-1 LW) was given. 
In conclusion treatment with 5 g COWP brought the additional advantage of an 
anthelmintic effect on abomasal worms, particularly Haemonchus. No evidence of 
damage to the abomasal mucosa was observed in any COWP treated groups. 
Therefore, COWP could be recommended in areas where copper is deficient and 
Haemonchus and/or Ostertagia are important sources of helminth infection. 
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Table 6.1 Mean plasma aspartate aminotransferase activity of lambs treated with 5 g 
COWP following infection with T. colubriformis (PT), O. circumcincta 
(PO), H. contortus (PH) or not infected (PC) and their counterparts (CT, 
CO, CH and CC, respectively) not treated with COWP. Means are given 
with one standard error (U r 1). 
CC 
PC 
CT 
PT 
CO 
PO 
CH 
PH 
lnitiala 
74.1 ± 5.05 
65.4 ± 3.85 
64.9 ± 4.55 
74.8 ± 3.54 
74.0 ± 4.98 
71.0 ± 2.86 
64.9 ± 5.94 
73.2 ± 4.10 
a, One day before COWP treatment (day -6) 
b, One day before slaughter (day 27) 
96.9 ± 8.52 
99.3 ± 7.47 
90.9 ± 6.84 
97.9 ±11.39 
88.2 ± 4.92 
130.3 ±25.09 
73.6 ± 4.34 
94.8 ± 5.49 
Table 6.2 Mean pH and soluble copper concentration in abomasal digesta of lambs treated (P) or not treated (C) with 5 g COWP 
following infection with T. colubriformis, O. circumcincta, H. contortus or without infection and the percent of 
COWP recovered from the abomasum of COWP treated lambs (P). Means are given with one standard error. 
pH Soluble copper (",g mr 1) COWP recovered 
C p C p (g) % of dose 
Control 
3.0 ± 0.16 3.0 ± 0.09 0.04 ± 0.002 0.18 ± 0.038b 1.1 ± 0.21 20.9 ± 4.2 
T. colubriformis 
2.9 ± 0.10 3.1 ± 0.15 0.04 ± 0.003 0.12 ± 0.026b 1.3 ± 0.37 26.5 ± 7.4 
O. circumcincta 
a3.6 ± 0.24b 2.9 ± 0.16 0.04 ± 0.005 0.18 ± 0.038b 1.0 ± 0.17 19.7 ± 3.4 
H. contorlus 
2.9 ± 0.06 2.7 ± 0.09 0.05 ± 0.019 0.19 ± 0.049b 1.0 ± 0.19 20.8 ± 3.9 
a, Means with subscripts within same column differ significantly (p<O.05) 
b, Means with superscripts within the same rows differ significnatly (P<O.OS) 
co 
co 
Table 6.3 Geomenic means.(range) of worms recovered from abomasum in lambs treated with 5 g COWP followed by 
infection with O. circumcincta (PO), H. contortus (PH) or not infected (PC) and of their counterparts (CO, CH 
and CC, respectively) not treated with COWP, and the efficacy of COWP. 
Group L4 Male 
Ostertagia 
CO 32 1,072 
(0-126) (7-5,317) 
PO 11 562 
(0-176) (13-4,204) 
Haemonchus 
CH 3 401 
(0-11) (71-1,259) 
PH 5 20 
(0-21) (0-522) 
Control 
-
CC 
PC 
Geometric mean of C - Geometric mean of P 
*. Efficacy = 
Geometric mean of C 
$, o. circumcincta + T. axei 
Female Total 
1,643 2,846 
(84-5,682) (90-10,998) 
519 1,241 
(5-3,659) (135-7,742) 
458 860 
(89-1,799) (163-2,043) 
11 33 
(0-519) (0-1,041) 
31$ 
(0-130) 
34 
(0-326) 
x 100 
Percent of 
dose 
26.1 
(6.6-55) 
16.6 
(0.7-54.8) 
392 
(5.4-98.9) 
6.6 
(0-34.7) 
Efficacy * 
56.4 % 
(p<0.05) 
96.2% 
(p<0.01) 
~ 
Table 6.4 Geometric means and distribution pattern of T. colubriformis recovered from various section of small 
intestine of the lambs treated (PT) or not treated (CT) with COWP. 
Group 
CT 
Percent 
PT 
S-la 
334 
(54-814) 
3.7% 
S-2b 
5,213 
(1,968-8,415) 
58% 
5,788 
S-3c S-4d 
3,050 115 
(1,536-6,867) (33-473) 
34% 1.3% 
3,396 48 179 
(35-464) 
2% 
(3,640-8,070) (1,295-7129) (0-325) 
Percent 60% 35% 
a, From pylorus to bile duct opening. 
b, From bile duct opening to 2 m posterior. 
c, From 2 m distal to bile duct opening to 2 m further down. 
d, From 4 m distal to bile duct opening to ileo-cecul junction. 
0.5% 
Total % of dose 
8,720 49.7 
(27.2-74.7) 
9,363 48.9 
\0 
o 
Fig. 6-1 Experimental design described in chapter 6 
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CHAPTER 7 
GENERAL DISCUSSION 
, 
Copper oxide wire particles have been used as copper supplements on the 
assumption that they are retained in the abomasum and provide a source of available 
copper over an extended period. 
However, no attention has been paid to the conditions required for dissolution of 
copper from the COWP in the acid portion of the abomasum since the first report that 
oral administration of COWP significantly elevated liver copper status in sheep 
(Dewey, 1977). 
In Chapter 3 it was found that the solubility of COWP was highly pH 
dependent, being reduced at high pH values, with the critical pH value for the 
dissolution of copper from COWP being 3.4. Even within the normal range of 
abomasal pH, viz. 2-3, marked differences in the solubility of COWP were observed. 
This could be one of the reasons for wide individual variation in liver copper levels 
after COWP treatment (Judson et ai., 1982a; Langlands et ai., 1986a; Suttle, 1987b). 
To confirm that the solubility of COWP was pH dependent, abomasal cannulated lambs 
(6-8 weeks old) were infected with O. circumcincta. This parasitic infection was 
known to provide possible natural means of increasing abomasal pH. 
The results indicated that animals with elevated abomasal pH maintained 
relatively low soluble copper concentration in, abomasal digesta even though they 
retained a greater amount of COWP in the abomasum than animals with normal 
abomasal pH. However, small increases in liver copper levels of animals infected with 
O. circumcincta , of which the mean daily proximal duodenal pH values were above 4, 
might be attributed to the early release of copper from COWP before the pH rose above 
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3.4. Therefore, poor effectiveness of COWP in raising liver copper levels might be 
expected if animals are infected with Ostertagia. 
On the other hand, an important observation in Chapter 4 is the fact that animals 
infected with O. circumcincta showed significantly reduced liver copper levels. The 
influence of parasitic infection on host copper metabolism is not well documented. 
Several factors such as elevated abomasal pH, endogenous loss of blood copper and 
reduced feed intake may be involved in this detrimental effect of parasitism. Reduced 
feed intake, commonly observed in parasitized animals (Coop et al., 1977, 1982; Sykes 
and Coop, 1977) is unlikely to be involved in copper metabolism. Reduced intake of a 
mineral does not necessarily cause reduction in absorption or retention of that mineral, 
because the net absorption is regulated via control of absorption and/or secretion 
(Suttle, 1983). Abbott et al. (1986) reported that dietary Fe absorption was certainly 
increased in lambs infected with H. contortus compared with pair-fed controls. A loss 
of bacteriostatic and protein denaturation activity as a consequence of elevated 
abomasal pH may contribute to a reduced availability and, therefore, reduced 
absorption of copper, particularly copper associated with the bacterial fraction. On the 
other hand enhanced endogenous loss of copper as a result of increased permeability of 
abomasal epithelial cells to plasma proteins and an increased turnover of abomasal 
epthelial tissue, rich in copper, may be responsible. This is speculation and precise 
definition must await further detailed studies including definition of the major site of 
copper absorption. 
It was concluded that reduction of liver copper in animals infected with O. 
circumcincta was reduced by two major factors, viz. altered availability of copper by 
elevated abomasal pH, and increased endogenous loss. 
Copper has been used for the control of gastro-intestinal nematodes in 
ruminants, particularly against H. contortus (Wright and Bozicevisk, 1946; Gordon, 
1939a,b and c). The anthelmintic activity of copper sulphate was erratic since this was 
dependent on the effect of copper on closure of the reticular groove. However, the fact 
that COWP are lodged in the abomasal fold and release copper, together with slightly 
lower pepsinogen levels and worm burden in animals treated with COWP observed in 
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Chapter 4, has raised the possibility that COWP treatment could reduce worm burdens, 
provided abomasal pH is maintained within the normal range when COWP are 
administered. 
The most striking results described in Chapter 6 are the significant anthelmintic 
activities of COWP on adult abomasal worms, with 96 % efficacy against H. contortus, 
56 % efficacy against O. circumcincta, but no significant efficacy against T. 
colubriformis. The soluble copper concentrati0l1 of abomasal digesta in sheep treated 
with 5 g COWP was 4 times higher than that of non-treated control animals at slaughter 
(33 days after treatment). The mean soluble copper concentration of animals treated 
with 5 g COWP in Chapter 4 increased to 0.21 fJg ml-l 3 h after treatment and thereafter 
was maintained over 0.2 fJg ml- l for at least 22 days, but its effectiveness as an 
anthelmintic did not appear to be higher in this experiment. It is not possible, therefore, 
to define clearly from these studies, the soluble copper concentration which will achieve 
optimal anthelmintic activity. It clearly will differ with nematode species, even in the 
same habitat. Despite a long history of copper sulphate being used as an anthelmintic, 
little is known about the mechanism by which copper affects parasites. An in vitro 
experiment described in Chapter 3 revealed that 3rd and 4th-stage larvae of T. 
coiubriformis were highly tolerant of copper. They tolerated copper concentrations up 
to 1,000 fJg ml-l . Normal soluble copper concentrations of ruminal, abomasal and 
small intestinal digesta of sheep maintained on dried grass were reported to be 0.1,0.06 
and 0.09 fJg ml-l digesta (Bremner, 1970), although dietary differences may affect these 
values. The highest soluble copper concentration in proximal duodenal digesta 
recorded in lambs treated with 5 g COWP (Chapter 4) was 0.6 fJg g-l digesta. 
Presumably it would be impossible to produce a copper concentration of 1,000 fJg ml-l 
in vivo without encountering toxic effects on sheep. 
Infection with gastro-intestinal nematodes is one of the major problems of grazing 
animals. Many producers respond to parasitic problems by increasing the dose or 
frequency of anthelmintic drenching (Prichard et ai., 1980; Besier and Hopkins, 1988). 
Therefore, there is growing concern about the possibility of anthelmintic resistance 
developing, although this has not become serious issue in New Zealand yet. However, 
, 
many species of nematodes from sheep are beginning to exhibit resistance to 
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benzimidazole (Coles et al., 1977; Barton, 1983; Kettle et al., 1983; Herd et al., 1984; 
Hughes, 1988), to levamisol (Le Iambre et al., 1978; Waller et al., 1986; Geerts et al., 
1987) and to morantel (Le Iambre et al., 1981; Waller et al., 1986). It is, therefore, 
necessary to investigate new potential compounds or methods for the control of 
anthelmintic resistant parasites. In this context, COWP could be a potential candidate 
for use against anthelmintic resistant abomasal worms, particularly Haemonchus spp. 
All animal products are ultimately consumed by humans. It is, therefore, 
important to comply with drug withholding times. Todd et al. (1972) recommended 
copper sulphate for dairy cattle since, unlike after treatment with other anthelmintics, 
milk need not be discarded after treatment with copper sulphate. Certainly this is an 
advantage of copper treatment, however its frequent use may lead to copper poisoning. 
It should be noted here that this anthelmintic effect of COWP treatment is only an 
additional benefit to its role in copper supplementation and that it can not be used in the 
same manner as commercially available anthelmintics, since frequent treatment could 
lead to copper toxicosis. 
It is concluded that the solubility of COWP is highly dependent on abomasal 
pH. It must, therefore, be borne in mind that abomasal pH has to be within the normal 
range to maximize the effectiveness of COWP. The fact that treatment with COWP 
suppresses worm establishment in the abomasum is an additional benefit of COWP 
treatment which may be used to advantage in areas where copper is deficient and 
Haemonchus and/or Ostertagia spp. are the major parasites. 
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Appendix 1 
Dimension ,. 
(mm) 
5-10 x 0.5 
30-40 mesh 
NS 
NS 
NS 
1-10 x 0.6 
" 
5xl 
NS 
NS 
cont'd· 
Characteristics and dose of copper oxide wire particles that have been used as copper therapy. 
Characteristics 
sp.gr. Cu(%) Source 
6.3 NS# NS 
6.1 NS BDH* 
NS 80 NS 
NS NS NS 
NS 80 M&B** 
NS 80 M&B 
8.1 95 NS 
6 NS NS 
NS NS M&B 
1& 
Dose 
(g) 
10 
50 
50 
50 
4or8 
0.5 
50 
2.5-20 
25 
1 
Animal 
Sheep (BW: 35 kg) 
Calve (3 mon-old) 
Calve (L W : 250 kg) 
Cattle (heifers) 
Sheep (ewe) 
Sheep (L W : 45-64 kg) 
Cattle (L W : 285-355 kg) 
Sheep (L W : 30 kg) 
Calve (L W : 87 kg) 
Lamb (5 week-old) 
User Year 
Dewey 1977 
Deland et al. 1979 
Suttle 1979 
Costogen and Ellis 1980 
Whitelow et al. 1980 
Suttle 1981 
Judson et al. 1982 
Judson et al. 1982 
Whitelaw et al. 1982 
-~ 
Appendix 1 cont'd .... 
6xO.5 NS 93.8 M&B 0.8-2.4 g Kg-1 Sheep (LW: 25-43 Kg) Lang1ands et a1 1983 
6xO.5 NS 85 M&B 5,10,50 Sheep (L W : 25 kg) 
6 x 0.5 NS 83.6 M&B 0.125-64 Sheep (L W : 40 kg) 
6xO.5 NS 80 M&B 2 Lamb (LW: 19 kg) 
2.1-7.3 x 0.6-1.7 8.1 NS NS 2.5 Sheep (2-year) Judson et al. 1984 
3.0-3.4 x 1.0-1.2 6.4 NS NS 2.5 
5x1 5.8 93 NS 3 Sheep (L W : 40 kg) Judson et al. 1984 
NS NS NS NS 20,40,60 Calve (suckler) MacPherson et a1 1984 
NS NS NS M&B 20 Calves (L W : 200 kg) Whitelaw et al. 1984 
5-10 xl NS NS BDH 50 Cattle (L W : 550 kg) De1ands et al. 1986 
100,200,300 Cattle (L W : 300 kg) 
1-10 (Length) NS NS M&B 4 Goat (adult) Inglis et aL 1986 
3.18 x 1.12 6.4 92.3 GlaxoI: 2.5 Lamb (LW: 24.7 kg) Langlands et al. 1986 
4.72 x 0.62 5.9 86 5-6 Sheep (L W : 35 kg) 
3.2 xO.62 6 92.6 5-40 Cow (LW: 327 kg) ..... ~ 
..... 
lor2 Lamb (1-3-day-01d) 
cont'd ~ 
Appendix 1 cont'd .... 
NS 
Clump@ 
Short 
Long 
NS 
1-11 x 0.5 
NS 
NS 
NS 
NS 
~ 
§ 
Length x Diameter (mm). 
Not specified. 
NS 
NS 
NS 
79.88 
* May & Baker Chemicals (Laboratory grade). 
** British Drug Houses (Laboratory grade). 
1: Glaxo Australia Ltd. (Laboratory grade). 
Copporal§ 
M&B 
M&B 
FSn 
§ Beechom (one 24 g capsule contains 20 g Copper). 
n Fisher scientific (Laboratory grade). 
@ Clump = not passed 1 mm seive. 
Short = rapidly passed 1 mm seive. 
Long = slowly passed 1 mm seive. 
24 
0.6-l.25 
5-40 
2.5-20 
20 
40 
Bull (L W : 339 kg) 
Cattle (L W : 90-280 kg) 
Cattle (LW: 119-337 kg) 
Sheep (L W : 35-70 kg 
Cow (BW : 465 kg) 
Calve (BW: 103 kg) 
Rogers et al. 1986 
Suttle 1987 
Suttle 1987 
Bolla 1987 
.... 
~ 
